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Preface 



Learning has become a constant state of mind for most professionals in 
today’s organizations. However, to become a true Learning Enterprise, 
organizations cannot stop at instilling this yearning for knowledge into their 
collaborators. They must also capture and formalize the common know-how 
of the organization, as well as provide time and infrastructure to allow 
learning moments to happen. The aim of the Gaming Workgroup within IFIP 
5.7 on Integrated Production Management Systems and the European Group 
of University Teachers for Industrial Management EHTB is to develop tools 
and formalisms to support experimental learning in these organisations. It 
has been proven that modelling the know-how, using visual environments 
such as multimedia and graphic simulations, is a first step. This in turn 
allows for the development of games, i.e. challenging settings that foster 
group interaction and problem solving. 

This book gives an excellent overview of the different game formats that 
have been developed and tested in the past years, by the members of the 
workgroup. Most games were developed toward industrial organisations, but 
some of them are more widely applicable. The book is aimed at 
organizational trainers, or anyone responsable for internal education in an 
organisation. It will provide them with a good overview of state-of-the-art 
game and training formats, as well as offer hints and advice on how to 
organize interactive training sessions. 

The workgroup members have presented their findings at a Workshop, 
organized in October 1998, hosted by the University of Gent in Belgium. The 
initiative was taken by prof Muller from Gent and prof Riis from Denmark. 
The Workshop was organized by Riita Smeds (Finland), and chaired by prof. 
Van Landeghem (Belgium). This book contains the proceedings of this 
workshop, which have been extensively edited by their authors, based on 
refereeing done by profs. Smeds and Van Landeghem. Typesetting support 
from ir. Annelies Beuselinck is gratefully acknowledged. 

The editors, profs. Smeds and Van Landeghem, wish to thank everyone 
who has supported the creation of this book, with special thanks to Mrs. 
Yana Lambert (Kluwer Academic Publishers) and prof. Riis for their support 
in producing the book. 



Gent, 7 november 1 999 
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Abstract: This paper deals with the role and actions of internal change agents as game 

facilitators. The paper describes a training programme called SIMNET for 
training new game facilitators to use a work process development method 
called the Work Flow Game. The Work Flow Game is an action-oriented, 
tailored simulation game where the participants simulate their own real work 
activities together. There were eleven internal change agents from nine 
different organisations participating in the training programme. The results of 
the training programme were evaluated by conducting a qualitative case study. 
All participants were able to carry out their simulation games and most of the 
projects gained results in terms of implementation of changes. 



1. INTRODUCTION 

This article aims at contributing to the less studied topic of the role of 
internal change agents as game facilitators. Hartley et al. (1997, 62) state that 
while there is a small amount of literature about the role of consultants and 
change agents acting as external change agents or catalysts for an 
organisation, the literature is less informative about those who try to develop 
change from within the organisation. Furthermore, the existing literature has 
tended to produce idealised lists of skills rather than actual roles, activities 
and performance of change agents in practice. This paper describes a 
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training programme for training new game facilitators as well as the role and 
actions of game facilitators using a process development method called the 
Work Flow Game. Apart from the introspective account of Piispanen (1995), 
the subject has not received much attention in the earlier research on the 
Work Flow Game or corresponding social simulation games. 

Firstly, the Work Flow Game method is introduced. Secondly, the role of 
the game facilitator is discussed. Thirdly, a training programme called 
SIMNET for training internal change agents to become game facilitators is 
described. Finally, the facilitation experiences and some results of the first 
SIMNET programme are summarised. 



2. THE WORK FLOW GAME 

The Work Flow Game is a simulation game combining the features of 
simulation with those of a game. The Work Flow Game is based on a 
simplified model of the selected work process, which will be simulated in 
accelerated time during the game session. It is an action-oriented simulation, 
where the participants simulate their own real work activities together. It 
also has the features of a game, e. g. roles, rules and game material. 
(Ruohomaki 1994; 1995). In the Work Flow Game, three key factors of 
organisation development are combined; improving (or re-engineering) work 
processes, experiential learning and participative design. It is always a part 
of a larger development project and can be used in different phases of the 
change process. It can be utilised at the beginning of a development project 
to start change and to localise problems, or later on, to test and practise new 
ways of action. There can be several rounds, first a game to describe the 
current status and later on a “vision game” when the new operational model 
is tested. (Ruohomaki 1994; 1995.) 

The experiences from the reported WFG cases in knowledge work (see 
e.g. Piispanen et al. 1996, Ruohomaki 1994, 1995, Piispanen 1995) and 
several studies in the production management branch (e.g. Forssen-Nyberg 
& Kutilainen 1998, Haho 1998, Smeds 1996), have proved the method 
beneficial in terms of presenting the work process as a whole, revealing the 
development needs and opportunities, motivating people for change through 
active participation, and promoting the interactive learning of the 
participants. Co-operation, communication and general working atmosphere 
have often improved after the game day. Long-term effects of process 
development can be seen in better productivity and quality of the work 
process (e.g. streamlining the process, less rework) as well as in improved 
customer service in terms of delivery accuracy, production flexibility and 
shorter lead times. 
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The Work Flow Game method consists of three parts: 1) planning the 
game, 2) the game day, and 3) debriefing and development activities after 
the game session. (Piispanen et al. 1996.) The planning phase is usually 
carried out by a team representing different parts of the work process. The 
project team works with the assistance of a game facilitator. For the Work 
Flow Game, a cross-functional work process is selected as the object of the 
development. The Work Flow Game is based on a real, typical case example 
representing the selected work process. In the planning phase, work 
processes are analysed and modelled, the case example is selected, a 
manuscript is prepared for the game session, members of the organisation 
are briefed, and concrete preparations are made for the game day. (Piispanen 
etal. 1996.) 

The game day consists of the game session and debriefing. During the 
game session, the participants of the Work Flow Game are seated in a circle, 
which forms the game setting. There are two t)^es of participants in the 
simulation game; players and observers. The players are all those employees, 
managers and customers who have participated in the selected case example 
in reality. The players have their real professional roles in the simulation. 
They talk aloud about what they do, how they perform their tasks, which 
equipment and documents they use, what kinds of problems occur, and who 
the next person is that they contact or send the documents to. The observers’ 
task is to follow the game events and make notes about problems like 
bottlenecks and unnecessary repetition as well as improvement ideas they 
have observed. The game facilitator sees that the process goes according to 
the manuscript and timetable. After the game session, there is an intensive 
debriefing organised in small groups and general discussions. The 
development work will continue several months after the game day, 
depending on the development needs of the work process. (Piispanen et al. 
1996.) 



3. GAME FACILITATOR’S ROLE 

The role of the game facilitator is crucial both in the planning phase of 
the game and during the game day. The way of facilitating as well as the 
facilitator’s knowledge, skills and attitudes have an influence on the success 
of the game and achieving the set targets. (Greenblat & Duke 1981.) The 
role of the game facilitator can be analysed by comparing it to different 
modes of consultation (Figure 1). The grid depicts whether the consultant 
has expertise of a particular content area from the viewpoint of the customer, 
or whether (s)he is a pure process consultant, i.e. a person who “helps the 
client perceive, understand and act upon the process events that occur in the 
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client’s environment” (Schein 1987, 34), and how much responsibility the 
consultant takes for directing the process. 

Directive 



Importer of a 
ready-made 
method 

Process support 

Process 

consultant 



Trainer, 

expert, 

project manager 

► Substance support 

Researcher 



t 

Non-directive 



Figure 1. The role dimensions of consultancy (Piispanen & Ylisuvanto 

1993). 

Here the word “game facilitator” is used on purpose instead of “game 
leader”. In the game situation the facilitator usually acts as the game leader, 
but in the broad sense (s)he is supposed to facilitate the whole change 
process, which is different from being a directive project manager. The task 
of the facilitator is to act as a supporting person, who helps the members of 
the organisation plan the game and activates the players to study their own 
work practices. (Piispanen et al. 1998). The role of the game facilitator 
resembles the role definition by Knowles (1975), as he describes the new 
role of a teacher of adults moving from content transmitter to facilitator of 
learning. 

The game facilitator can be an external or internal consultant, change 
agent or researcher. An external facilitator has more clearly the role of a 
process consultant, bringing new tools, concepts and models to the process. 
If the external facilitator is too directive, there is a danger that the 
participants adopt a passive role, become too dependent on the facilitator, 
and will not take responsibility for implementing the improvement ideas 
after the game day. (Piispanen et al. 1998.) If an external consultant 
facilitates the Work Flow Game, a content expert from inside the 
organisation is needed to take the responsibility for substance matters. Often 
the best combination is to have one person who knows the method and 
another who owns the process working together. An internal change agent 
may work either in the expert or process consultant role. The decisive factor 
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is whether (s)he is developing a process in her or his own work context or 
somewhere else in the organisation. The role of the internal game facilitator 
may, however, be more directive, because it is possible that (s)he is the game 
facilitator and the person responsible for the development project at the same 
time. 

The facilitator is responsible for creating a mutually trustful and positive 
atmosphere so that the participants can join the game day without 
hesitations. The facilitator sees that the game proceeds according to the 
manuscript and the game rules, and that the focus remains on the process as 
a whole, not on personalities. It is the responsibility of the facilitator to 
estimate when a game can be entered and whether the organisation has the 
capability to deal with the themes that come up during the game. If the 
personnel feel the game is too threatening or has hidden agendas, the 
facilitator must know when to stop in time. (Piispanen et al. 1998) The social 
learning environment resembles in many respects the one described by 
Knowles (1984), as he emphasises e.g. supportive learning climate, mutual 
respect, trust, openness, and co-operation as basic social factors of the 
learning process. 

The use of methods like the Work Flow Game has been typically based 
on individual development projects, in which an outside consultant or 
researcher has acted as a change agent and the methodological expert. As a 
consequence, spreading of methodological competencies and extensive 
utilisation of the methods have been slow, and the development work has 
usually focused only on certain restricted areas within the organisation. 
However, it does not have to be an exclusive right of consultants and 
researchers to use what are called expert methods in order to develop work 
organisations. Dissemination of development methods and other 
organisational innovations is not only necessary but also possible as there are 
growing numbers of highly educated and skilled practitioners who are able 
to carry out organisation development projects if only they have relevant 
methods to work with. 

However, one has to bear in mind that getting started with a development 
project, describing work processes, facilitating learning, and implementing 
the development ideas, require similar user competencies (Alange et al. 
1998) to those required in any development project, independent of the 
methods used. This notion is crucial in terms of disseminating and appl 5 dng 
the Work Flow Game: learning to facilitate a simulation game like this is not 
just a collection of easy-to-leam tricks, but a way of developing that requires 
a holistic approach to organisation development. So it is mainly explicit 
knowledge and practical skills, i.e. relatively surface competencies that can 
be developed through training. 
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4. SIMNET TRAINING PROGRAMME 

In order to train new Work Flow Game facilitators for Finnish work 
organisations, a new training programme, called SIMNET, was planned 
according to the seven phases of the Work Flow Game method (cf. Figure 
2). The programme is carried out by the Laboratory of Work Psychology and 
Leadership at the Helsinki University of Technology. The training is 
designed for internal consultants, trainers, people responsible for quality 
improvement, and line managers/process owners, i.e. persons responsible for 
carrying out development activities. The participants are supported by the 
training programme; they are responsible for carrying out their development 
processes in their organisations without outside consultants. After facilitating 
their first simulation games, the participants are given a certificate that 
indicates that they are “licensed” Work Flow Game facilitators. 




Training period 4 
24.10.1996 



Figure 2. The timetable of the first SIMNET training programme in relation 
to the phases of the method. 

The application of the Work Flow Game is taught during the training 
periods. The training periods are always followed by fieldwork in 
participating organisations so that the theory can be put into practice 
immediately. In each training period, there are learning tasks that are started 
together and then given as homework for the participants to be completed 
during the fieldwork period. The idea of the learning tasks is to support and 
direct the development projects. 

The following elements are included in each training period: lectures and 
case examples, short presentations of the participants, general discussions 
and sharing experiences, guidance of the participants, (group) working on 
the current phase of the planning process, and giving learning tasks for the 
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field period. The programme represents an open action learning type of 
learning environment (cf. Revans 1982) as a contrast to traditional short 
courses. The basic idea is to apply the acquired knowledge and skills 
immediately instead of learning the basics in theory only. 



5. FACILITATION EXPERIENCES 

In the first SIMNET training programme*, there were eleven participants 
fi’om nine different organisations representing both the public and private 
sectors. Both professional developers and people with operative 
responsibilities or expert position acted as game facilitators. Seven of the 
participants were working as internal consultants or had an official role in 
organisation development activities; four of them were already very 
experienced developers. The other participants had at least participated in 
development projects or conducted them within their own work units. Two 
participants worked as line managers. 

The evaluation of the first SIMNET training programme was carried out 
by conducting a descriptive, qualitative, embedded case study (Gummesson 
1991). The data consisted of semi-structured interviews, questionnaires with 
multiple choice and open-ended questions as well as document material 
about the organisations and simulation games of the trainees. The data were 
collected throughout the training programme and also during all/4 years 
follow-up period. The aim of the follow-up period was to study the 
independent application of the Work Flow Game method after the first 
simulation games during the training programme. In this paper, the results of 
the first SIMNET training programme are summed up. The facilitation 
experiences of the internal change agents, i.e. the trainees, are illustrated by 
giving a few examples and authentic quotations. 

All game facilitators were able to carry out their games and most of the 
projects gained results in terms of implementation of changes. The game 
facilitators were satisfied with their game days and felt they had succeeded 
well in facilitating the games. From the methodological point of view, the 
game facilitators were able to tailor the method according to their own 
needs. Some of them even developed new innovative methodological 
solutions in terms of the roles of the players and visualising the game events. 
The method was also used for new purposes, such as team development. 
From the viewpoint of achieving development results, the best case was one 



1 From July 1996 to August 1999, there have been four SIMNET training programmes having 40 participants from 28 different 
organisations. In addition, there have been two organisation-specific training programmes, in which 12 game facilitators have been 
trained. The SIMNET project continues till the end of 1999. For a more detailed account of the theoretical basis and results of the first 
training programme, see Pankakoski 1998. 
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where there was a representative of the management taking the ultimate 
responsibility for the implementation phase and even more, if the game 
facilitator was able to continue supporting the development for some time 
after the game day. 

The game facilitators felt that the game could well be used internally 
without outside consultants. However, there were some differing opinions 
about the difficulty of developing different kinds of processes. One game 
facilitator was worried about starting a new project in an area she was not 
familiar with, whereas another facilitator thought there might be some 
difficulties when facilitating the game within one’s own area. 

“For me this was easy because I was familiar with all the processes in 
advance. It was easy to start to play something I already knew. I’m quite 
familiar with the entire financial administration. But now that I’m leaving 
the department, it has been suggested that I should go to the editorial office 
and facilitate a game there, that does give me the heebie-jeebies; my god, 
after all I don ’t know anything about editing a magazine. When you have to 
start from the bottom, it surely is a more difficult situation... ’’ 

“If we were to simulate the process of employing someone or recruiting a 
new person to the company, processes that include some of my own work 
tasks, and I would facilitate a game like that I wonder how it would work... 
You are an expert in your own process but you also look at it from a certain 
perspective and you will not necessarily see all the possibilities to develop it 
when you already have a certain model or habit in your head. ’’ 

In three cases where the game facilitators were members of the work 
community in which they conducted the game, there were some extra 
pressures to succeed. They felt that failing was no option for them; an 
outside consultant always leaves the work organisation behind, but a 
member of the work community still has to live with the situation after the 
development project. In other cases that was not a problem, because the 
game facilitators had already established their position as internal 
consultants; and moreover, they did not carry out the Work Flow Games 
within their own organisational units. The internal consultants had perhaps 
the easiest situation, because they were always working outside their own 
units but still knew the organisation, its values, norms, and people. 

“Especially when there are familiar co-workers there is a different 
tension in the air than when you go to an unfamiliar organisation. The 
familiarity creates a different kind of tension. I certainly had butterflies in 
my stomach... You have to succeed in front of your own people. An external 
professional consultant automatically receives respect that is not easily 
shown to an internal one. ’’ 

“And an internal consultant, he really knows the organisation, knows all 
the systems; that brings a lot of advantages ... However, if we sent our 
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departmental managers as consultants to other departments it could create 
problems. However, the fact that we all work in kind of personnel units or 
not within the same organisation and we do not have line responsibility 
makes everything much easier because in a case like this you only act as 
support and assist in leading the project. It ’s more neutral that way. ” 

In terms of continuous use of the method after the training programme, 
the user’s position for development could be found to be important. The 
professional developers/intemal consultants were most likely to continue 
using the method. Starting a new game was easier, if the game facilitator had 
a legitimate position for development as a professional developer. 

The main reasons for continuous use of the method after the training 
were related to the following factors: strong management support in terms of 
allocating resources for development, enthusiastic personnel, development 
culture that was based on process-thinking and participative development, 
the need for using methods based on co-operative learning and process 
analysis, as well as positive experiences from the first Work Flow Games. 

The reasons for not continuing the use of the method after the training 
were related either to the game facilitator or the prevailing situation in the 
organisation. Some game facilitators had moved to another position or 
organisation, or were lacking a legitimate role as internal change agents 
without any allocated working hours for development projects. The 
organisational reasons concerned major organisational reorganisations or 
other simultaneous change processes competing for the same limited 
resources. 



6. CONCLUSIONS AND DISCUSSION 

In the future, more attention should be paid to choosing participants for 
training programmes such as SIMNET. Firstly, the persons who are 
supposed to apply new methods independently should have both former 
development experience and a legitimate role to carry out organisational 
development processes. Secondly, there should not be too many 
simultaneous changes going on in the organisation if a new method requiring 
quite a lot of resources is to be introduced. The critical success factors of any 
change project also apply to development projects in which the Work Flow 
Game is used (cf. e.g. Kotter 1995). Third, it is important that applying the 
method is not only a practical exercise for the participant, but the work 
community in which the method is applied has a real need and motivation 
for using the method and taking responsibility for implementation of 
changes. It is not enough only to simulate things. Improvements are not 
realised until they are implemented in real life. 
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Despite the observation that the method can be learnt and used by 
internal change agents without outside consultants in the organisation, there 
are certain advantages of having an experienced external game facilitator 
carrying out the first Work Flow Game. By following the actions of an 
experienced facilitator, much more than just the external forms of the 
method can be learnt and passed on. Many important tacit elements of the 
method are lost when the knowledge is packed in the codified form to be 
communicated via a handbook or a training programme. The necessary tacit 
knowledge is embedded and recreated in the action of those who apply the 
method. Moreover, the training model is not suitable for all organisations. 
There are organisations in which the facility for self-directed development is 
not yet at such a level that development activities could be carried out 
without outside consultancy. In some cases the culture or the present 
situation in the organisation requires an outside change agent to support the 
development work, because an outside person perhaps has a more neutral 
position than an internal change agent. 



7. REFERENCES 

Alange, S., Jacobsson, S. & Jamehammar, A. (1998) Some Aspects of an Analytical 
Framework for Studying the Diffusion of Organizational Innovations. Technology Analy- 
sis & Strategic Management, Vol. 10, No. 1, 3-21. 

Forssen-Nyberg, M. & Kutilainen, P. (1998) Participative simulation game as facilitator of 
organizational development process - two case studies. In: Smeds, R. & Riis, J. O. (Eds.) 
Experimental Learning in Production Management, The effects of using simulation games 
in universities and industry, 39-49. Chapman & Hall, London 

Greenblat, C. S. & Duke, R. D. (Eds.) (1981) Principles and practices of gaming-simulation. 
Sage, London. 

Gummesson, E. (1991) Qualitative Methods in Management Research. Sage, Newbury Park. 

Haho, P. (1998) Tailored simulation games for successful business process development. In: 
Smeds, R. & Riis, J. O. (Eds.) Experimental Learning in Production Management, The 
effects of using simulation games in universities and industry, 24-38. Chapman & Hall, 
London. 

Hartley, J., Benington, J. & Binns, P. (1997) Researching the Roles of Internal Change Agents 
in the Management of Organizational Change. British Journal of Management, Vol. 8, 61- 
73. 

Knowles, M. S. (1975) Self-directed learning, a guide for learners and teachers. Association 
Press, Chicago. 

Knowles, M. S. (1984) Andragogy in Action. Applying modem Principles of Adult Learning. 
Jossey-Bass Publishers, San Francisco, London. 

Kotter, J. P. (1995) Leading Change: Why Transformation Efforts Fail. Harvard Business 
Review, March- April 1995, 59-67. 

Pankakoski, M. (1998) Knowledge Sharing and Value Reproduction - The Work Flow Game 
as a Case Example. Docotral dissertation. Helsinki University of Technology, Industrial 




Change Agent 007 - Licence to Simulate 



13 



Management and Work and Organizational Psychology, Report No 6. Hakapaino, 
Helsinki. 

Piispanen, E. (1995) Simulaatiopeli muutoksen kaynnistajana. Esimerkkitapaus Turun ja Po- 
rin laaninhallituksesta. Tuottavuudella tulevaisuuteen. Hallinto- jatoimistotyd organisaati- 
on tuottavuustekijana (Keto) -projektin julkaisuja, Espoo. (The simulation game starts the 
change process. Case example from a Provincial Government of Turku and Pori. Report of 
the Productive Office (Proffice) project. The Finnish National Productivity Programme. 
Espoo: Otapaino.) (in Finnish) 

Piispanen, E., Ruohomaki, V., Pankakoski, M. & Teikari, V. (1996) The Work Flow Game - 
A new method for developing office work. In: Saunders, D., Percival, F. & Vartiainen, M. 
(Eds.) The Simulation and Gaming Yearbook, Vol 4: Games and Simulations to Enhance 
Quality Learning. Kogan Page, London. 

Piispanen, E., Pankakoski, M., Ruohomaki, V., & Teikari, V. (1998) The Work Flow Game 
for Knowledge Work. A Handbook. Hakapaino, Helsinki. 

Piispanen, E. & Ylisuvanto, E. (1993) Miten arvioida konsultointityota? Konsulttien 
roolivalinnat ja hankkeiden tuloksellisuus (How to evaluate consultancy? The roles of 
consultants and effectiveness of the projects). Seminar report for POHTO’s consultant 
training programme. Unpublished report. The Finnish Institute of Public Management, 
Helsinki, (in Finnish) 

Revans, R. W. (1982) The origins and growth of action learning. Studentlitteratur, Lund. 

Ruohomaki, V. (1994) Simulation games and their effects - the Work Flow Game for the 
development of administrative work. Helsinki University of Technology, Industrial 
Economics and Industrial Psychology, Report No 156, Espoo. 

Ruohomaki, V. (1995) A simulation game for the development of administrative work 
processes. In: Saunders, D. (Ed.) The Simulation & Gaming Yearbook 1995, Vol 3. Kogan 
Page, London, 264-270. 

Schein, E. H. (1987) Process Consultation, Volume II, Lessons for Managers and Consultants. 
Addison-Wesley. 

Smeds, R. (1996) Management of Enterprise Evolution. Evolution Management Principles 
and Methods for Learning Organizations. Acta Polytechnica Scandinavica, Mathematics, 
computing, and management in engineering series. No 80, Helsinki. 



8. ACKNOWLEDGEMENTS 

The data on which this paper is based on has been collected as part of 
SIMNET project under the Finnish National Productivity Programme. The 
SIMNET training programme as well as the data collection have been 
carried out by a multidisciplinary research group. The former and present 
members of the group - former project manager Eeva Piispanen, researchers 
Marjatta Komulainen and Heini Ikavalko, and professor Veikko Teikari - 
are given special acknowledgements for all their valuable contribution. 

The research is financially supported by the following organisations 
which are gratefully acknowledged: the Academy of Finland, the Ministry of 
Labour, the Emil Aaltonen foundation, as well as the nine Finnish work 
organisations that participated in the SIMNET training programme. 




14 



Matleena Pankakoski 



9. BIOGRAPHY 

Matleena Pankakoski 

Matleena Pankakoski works at the Helsinki University of Technology at 
the Department of Industrial Engineering and Management. She is the 
project manager of two research projects, SIMNET and Team Measures, 
which are part of the Finnish National Productivity Programme. Her doctoral 
dissertation dealt with knowledge sharing and innovation diffusion, using the 
Work Flow Game as a case example. Her other research areas concern team 
and work process development, knowledge management and 
commercialisation, and learning at work. 




Possibilities of Multimedia in Business Process 
Modeling and Simulation 



Riitta Smeds, Tapio Takala, Paivi Haho, Matti Grohn, Janne Jalkanen, Marko 
Nieminen, Ismo Hautala and Antti Latva-Koivisto 

Helsinki University of Technology, TAI Research Centre, SimLab project, http://simlab.hut.fi 



E-mail: rsmeds@tuta.hut.fi 



Key words: Business process, group mode, modeling, simulation, visualization, 

multimedia, interaction, telepresence 

Abstract: This paper discusses present solutions and future possibilities of multimedia in 

the Enterprise Simulation Laboratory at Helsinki University of Technology. 
Important challenges are addressed concerning the visualization, real time 
interaction and telepresence in complex, group mode business process 
modeling and simulation for organizational learning. 



1 . THE NEED FOR BUSINESS PROCESS 
MODELING AND SIMULATION IN 
ORGANIZATIONS 

New paradigms, such as the extended enterprise, virtual enterprise and 
the value and supply chains, see enterprises as networks of business 
processes. Business processes are dynamic, complex chains of human, 
technology supported activities, connected by material and information 
flows, and integrated into an economic value chain to create value for the 
customer and profit for the stakeholders. 

Survival in turbulent global competition requires effective and flexible 
operation of business processes, as well as continuous business process 
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development and innovation. This calls for dynamic process understanding 
and learning in the organizations and in the whole network. 

Human understanding develops basically through experience, in spirals 
of learning: concrete experience is transformed through observations and 
reflections into abstract concepts and generalizations, i.e. into a mental 
model of the situation. This model is then tested out in new real life 
situations, and refined again through new experience. The learning spiral 
continues in the dynamic interplay of experience and logic (e.g. Lewin 1951, 
in Kolb 1984, Lehtovaara 1998). 

This spiral of learning has also to be created on the organizational level 
(Nonaka and Takeuchi 1995). Organizations need a shared understanding of 
their processes, not individual mental models, which deviate from one 
another and lead to contradictory action. This shared understanding has to be 
created and continuously developed in an efficient way. Instead of real life 
trial and error, methods are needed to model and test organizational 
processes through group mode simulation (e.g. Smeds 1994, Haho and 
Smeds 1997, Haho 1998). Through joint experimentation in the simulations, 
the business processes can be developed in a prototyping manner, and 
organizational learning can be accelerated. 



2. VISUALIZATION FOR BUSINESS PROCESS 
SIMULATION IN SIMLAB 

The complexity of the business processes sets high requirements for valid 
simulation models. Only valid models create correct learning experiences. 
The final test of model validity is the acceptance by the organizational 
members (Law and Kelton 1991). Visualization of the model is often the 
only way to help the members of the organization to understand it, and to 
accept it as a valid description of reality. 

In addition to the modeling phase, visualization of the dynamic 
simulation runs supports the understanding of the functioning and output of 
the model. Visualization can also be used to create interactivity with the 
model during the simulation. After the simulation, visualization can be used 
to analyze and commimicate the results. 

The Enterprise Simulation Laboratory project SimLab (e.g. Smeds 1998, 
http://www.simlab.hut.fi/) develops new visual business process simulation 
methods for group simulations, to support industrial companies in 
developing their business processes to meet the objectives like customer 
responsiveness, delivery-time, delivery accuracy and time-to-market. In the 
group simulations, where the objective is to create a shared imderstanding of 
the business process, visualization is especially important. The visualized 
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simulation models allow the participants to share the same visual “enterprise 
space” and to experience jointly the simulated functioning of the business 
process. This serves as an important platform for the business process 
development project, (cf. Table 1) 



Conceptual: 


process charts and maps 


Computational: 


discrete event numerical simulation models 


Visual: 


visualization and projection of the conceptual and 
computational models on the virtual wall 


Social: 


facilitated, systematic discussion of the process with the 
business process people using real case examples 


Z SimLab simulation: group simulation session supported by the above models, 

for shared process understanding, brainstorming and innovation 



Table 1 : Business process modeling for group simulations in the SimLab project. 



3. TOOLS FOR VISUAL BUSINESS PROCESS 

MODELING AND SIMULATION 

Recent developments in multimedia give new possibilities to model and 
simulate complex business processes in a visual way. The tools support the 
visualization of the modeling phase, the simulation runs themselves, as well 
as the analysis of the simulation output. Visual models and simulations can 
also be applied in a distributed manner through telematics. In the following, 
the present applications and some future possibilities of the SimLab project 
concerning visualization are discussed. 

3.1 Modeling 

Process modeling starts with conceptual analysis and model building of 
the process. Several software tools for process mapping and analysis are 
available already, such as ProcessGuide (Q.P.R.), currently applied in the 
SimLab project. This tool depicts the material and information flows and the 
activities of the processes and sub processes in a visual way. 

In cases where material flows are simulated, conceptual modeling is 
followed by computational modeling. The software tools AutoMod and 
AutoSched are applied for the discrete event numerical simulations of 
material flows. 
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The physical environment of the simulation session: the room layout, 
furniture and setting, and the projected process models on the walls are 
visual elements of the business process model. 

Finally, the participants in the simulation build up the social simulation 
model. All persons who are acting in the real business processes should in 
principle attend the simulation, as well as the relevant managers and process 
development staff from different organizational levels. Also representatives 
from other interfacing processes and imits are often important players in the 
simulation. The process roles and the tacit as well as explicit knowledge of 
each participant are important modeling parameters. Thus the social 
composition of the simulation group (hologram structure, Smeds 1994) is 
crucial for the final validity of the business process simulation model. 

3.2 Simulation 

During the simulation session, the visual outputs of the conceptual and 
computational models are projected on a virtual wall, to create a shared 
picture of the process for all participants. The ProcessGuide and AutoMod 
modeling tools currently in use need to be developed further, because they 
are not flexible enough to support real time visual interaction for the 
analysis of alternative process solutions during the group simulation. 

A generic, technologically robust solution for visualizing simulations is 
to use a distributed architecture that consists of a separate simulation engine 
and a visualization engine. This allows the computational load to be split 
among several machines, and as required, with proper open protocols, allows 
either part be exchanged to another solution depending on the needs of the 
problem at hand. For example, depending on the audience, the same 
simulation engine could control a business process chart presentation, a 
numerical simulation model or even a Virtual Reality model. And vice versa: 
a custom simulation engine optimized for real time modification could be 
harnessed to drive the VR model in the place of the commercial simulation 
engine. 

A common problem in computational simulation is that the simulation 
model structures are static: only their parameters can be changed, and often 
only between runs, not during a simulation run. This is a clear problem for 
example in factory layout planning, where it would bring great benefit, if the 
layout could be changed in real time during the simulation session, and the 
statistics would immediately be changed to reflect the new situation. There 
already exist some solutions to this real-time interaction problem 
(ModelFact, Metzger and Haberl 1998), but no commercial grade programs 
exist as of yet. 
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An ideal tool for computational simulation would also allow combining 
business process data from operational databases to what-if analysis data, 
and then visualize the output. This would make it possible to compare the 
operational effects of what-if process experiments during the simulation. 

Another important feature in both the conceptual and computational 
business process simulations would be the measurability of alternative 
simulated process structures during the simulation session. One important 
measure of business processes is lead time, which could be visualized in the 
process models through the length of the critical path. Process structures 
could also be compared by their complexity. The degree of structiual 
complexity of a process model could be calculated applying a graph 
theoretical approach. This complexity measure could be used to assess the 
manageability of the alternative processes, and together with the critical path 
measure help in the trade off decisions between process manageability and 
time. 

The social simulation, the group’s systematic process discussion in the 
visual learning environment of SimLab, is guided by one or several 
facilitators. The facilitators’ role is crucial for the success of the simulation. 
The facilitators should be able to control the different ways to display data 
during the simulation session, and also to store into the models the process 
improvement ideas that have been awakened during the joint simulation 
experience. The facilitators’ flexible interface to the different visual models 
increases the efficiency of the social simulation. For the interaction with the 
simulation models, the facilitator can apply technologies like the wireless 
mouse. 



3.3 Possibilites of telepresence 

The social group simulations can in principle also be conducted in a 
distributed virtual group through telepresence, for which there are several 
potential techniques available (Fluckiger 1995). The simplest way - though 
in the beginning probably the most important - is telephone conferencing. 
Distant groups share the same visual simulation models through the Intrenet, 
and the actions are synchronized through audio only. 

Videoconferencing would be the logical next step. However, the added 
value of seeing just the talking faces of other participants is arguable. The 
picture quality of videoconferencing systems is often not high enough to 
transmit more information than a static picture. It becomes more relevant in 
social situations, if the video shows emotions through facial or bodily 
gestures. If these are not visible enough in the video, we may have to rely on 
motion capture systems that copy a person’s appearance to an avatar. 
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For recognizing a person in a group, her location in the room is an 
important cue. This information is lost, if we only have a single display that 
telematically shows one person at a time. The problem can be cured, by 
arranging virtual participants as TV screens on reserved places in the game 
room. 

However, distributed business process simulations at SimLab do not 
require avatars with the persons’ appearances, or virtual participants as TV 
screens, to achieve sufficient telepresence. Our aim is rather to use the high- 
resolution virtual wall to show all distant participants at once. In addition, 
their voices will be processed stereophonically such that they are heard from 
appropriate points on the screen. 

Even more important that seeing the other participants, it is to see the 
shared documents and process models related to the simulation. This can be 
facilitated through Computer Supported Cooperative Work (CSCW), like 
whiteboard systems or shared application programs, projected on the virtual 
walls of each distant simulation group. Combining directional audio with 
individual pointers, each participant can show on the wall which part she is 
talking about. 

3.4 Analysis of simulation results 

For the post simulation analysis, a software tool prototype called Discus 
has been developed in the SimLab project (Grdhn et al. 1999). Discussion 
log data is collected with Discus during the simulation session. The whole 
simulation session is also video recorded for analysis. 

After the simulation, the discussion log is visualized and analyzed. 
Discus shows the communication pattern as connectivity lines of different 
width and color, to characterize the communication flow (e.g. the amount of 
comments in general, the amount of comments by a single person, total 
speaking time of a person, individual participation and interaction in the 
discussion). We can find out e.g. the amount of comments exchanged 
between two participants, and the total amount of time used during these 
comments. Together with videotape analysis of the simulation session. 
Discus can be used to analyze also the contents of the commimication and 
even the communication styles of the participants. 

Discus helps us to analyze and measure the complexity of the 
communication flow. Neural networks, so-called Self-Organizing Maps 
(Kohonen 1995) are applied to the discussion log data, to detect the 
underlying communication patterns and group relationships affecting the 
inherent dynamics of the simulated business process (Grdhn et al. 1999). 

In addition to discussion logging. Discus includes functionality for 
commenting various events on-line in a simulation session. In the first 
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applications we have used this feature to save remarks about the usability of 
the simulation tools used in the sessions. The feasibility of this feature was 
initially doubted, but the experiences were positive. Two computer literate 
observers have been using Discus simultaneously for discussion logging and 
storing usability remarks. 

After a series of subsequent simulation sessions, the outputs of the 
conceptual, computational, and social models of alternative process 
structures are analyzed, compared and evaluated for business process 
development purposes. The evaluation criteria should be directly linked with 
the objectives of the process development project (e.g. process performance 
measures such as time, or measures of structural complexity). 



4. FUTURE CHALLENGES 

Major development challenges in the SimLab project concern the group 
mode user interfaces of the simulation models: How can the players interact 
directly with the models during the session, e.g. try out different layouts and 
information and material flows? And how can the actors in different 
geographical locations participate as a group in the same simulation, e.g. 
when simulating global business processes? And finally, how do we 
combine the conceptual, computational, and social simulation models into an 
efficient virtual learning environment for organizations? 

One technological objective for multimedia in the SimLab project is to 
apply three dimensional Virtual Reality (VR) to business process 
simulations, to an area that is traditionally considered very '2D'. We aim to 
apply VR in a group mode, in an interactive way, and even over distances, 
by applying CSCW for telepresence during the simulation sessions. 

The idea of a shared multimedia workspace is old, but it has not become 
available until low-cost multimedia systems. Using interactive technologies, 
multiple users can share the same visual learning space, with every idea 
easily accessible and displayable to others. It also brings a new meaning to 
the word visualization (previously used mainly for post process analysis of 
large numerical data sets), when the users can easily interact with the model 
during the simulation session. 

Telepresence in business process simulation requires that multimedia 
based CSCW expands to distributed modeling and simulation. When the 
participants in a distributed process simulation are allowed to interact with 
the same model, sharing the same virtual space, the limitations of time and 
space virtually vanish, not to mention travelling costs. The key requirement 
is that distributed, multimedia based CSCW supports interaction over the 
Internet. The important social interaction with fellow members of the 
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dispersed simulation group is achieved through additional telematic 
techniques such as video and audio conferencing. 

In the more distant future, using techniques such as the emerging MPEG- 
4 standard (Koenen 1998), it will be possible to transmit representations of 
the participants to geographically dispersed places. People across the world 
are able to share the same simulation experience as a virtual group (much 
like the world of Metaverse in the fictional novel Snow Crash (Stephenson 
1992)). A few years ago this would have been considered unlikely, but the 
rapid development of the Internet has made it clear that such technologies 
can in principle become commercially available in the future. 

Solutions to these multimedia and user-interface questions are developed 
in multidisciplinary research, guided by the real life requirements of three 
cutting edge industrial companies, which are developing their business 
processes and training their personnel through simulations as pilot 
companies of the SimLab project. 
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Abstract: The paper describes an on-going process of developing a generic, modular 

Enterprise Game. The game integrates conceptual, computational, visual and 
social enterprise models into a comprehensive ‘virtual enterprise’, in which the 
participants can jointly operate and experience business processes. Enterprise 
Game One focuses on the order-to-delivery process. Its increasing level of 
computerization and visualization towards a multimedia supported game is 
described, comparing the different game prototypes. 



1. INTRODUCTION 

Games and simulations have proven efficient training methods to fulfill 
the requirements of the modem, fast-moving business environment. These 
methods consider the participants as active experimenters and learners; 
through concrete action and decision making in the game, they experience in 
a compact way, how the enterprise functions. Multimedia can be used during 
the game and simulation sessions to support this learning process. Computer 
aided learning process and multimedia both make a learning session more 
visual, interactive and efficient which strengthens the learning influence 
(Riis et al. 1998, Schank 1997). 
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In the three-year research and development project SimLab 1998-2000 at 
Helsinki University of Technology, an Enterprise Game is being developed 
to the training needs of industry and education (cf. Smeds et al. 1999, 
http://www.simlab.hut.fi). The development work is done in cooperation 
with a global make-to-order manufacturing company. This pilot company 
called Company A needs a generic, modular simulation game to train its 
whole personnel, over 1000 persons. The idea of the training game is to help 
the participants to better understand the causal relations between operations 
and money in a complex enterprise system. The game is realized using 
multimedia, simulation tools and social role-play. The work is accomplished 
as a collaborative effort of Industrial Economics, Industrial Psychology, and 
Telecommunication Software and Multimedia. In addition, the 
representatives of Company A participate in the development through 
actively testing the game prototypes throughout the project. 



2. DEVELOPMENT TARGETS AND METHOD 



2.1 Targets of Enterprise Game 

According to Riis and Smeds (1998), one of the challenges for simulation 
games is to create an interaction of disciplines and functions, and 
industrialists and students in the game. Our aim is to create, with the 
Enterprise Game, an experimental learning environment for both 
practitioners and students. 

By applying multimedia, we integrate into the game model the material, 
information and monetary flows of business processes. The game includes 
computer-aided visualization and simulation, and social role-play. The 
players represent different roles, which represent different functions of an 
enterprise system (Figure 1). 

There is always a temptation to include too many details in one game to 
reflect the complex reality, whereby the game becomes confusing to the 
participants and its learning effects might be reduced. Additional targets and 
problems should rather be addressed through different games or different 
versions of a game (Riis et al. 1995). 
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Figure 1. Model of financial and material flows in the order-to-delivery 
process of an enterprise. 

A computerized game can solve this problem, if it is constructed in a 
modular way. The Enterprise Game is developed according to this principle. 
Three different levels of the Enterprise Game will be developed, to serve 
different learning targets of the participants (Table 1). Game One is a basic 
game where the operations of the order-to-delivery process of a generic 
factory are emphasized. Game Two considers project management, and 
Game Three strategic decisions. This paper concentrates in more detail on 
Game One. 

Table 1. Different levels and target groups of the Enterprise Game 



LEVEL 


LEARNING TARGETS 


TARGET GROUP 


Game 

One 


Common understanding of an order-to- 
delivery process, emphasis on 
operational decisions 


Production workers, 
supervisors 


Game 

Two 


Management of projects, emphasis on 
operational planning and decision 
making 


Supervisors, 
middle managers 




Management of a project oriented 
business, emphasis on strategic planning 
and decision making 


Middle managers, 
top managers 



Game One focuses on the crucial interrelationships between sales, 
production and profitability in an order-to-delivery process. The players run 
the enterprise as a team, with the target to reach highest possible 
performance. The game contains roles that are essential for the process: 
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Customer, Salesman, Designer, Production Manager, Production planner. 
Purchaser and Supplier. 

2.2 Prototype method 

The development of Enterprise Game One is actualized through 
prototypes, which are tested together with the representatives of pilot 
Company A. We aim to create together a training game relevant for industry 
and academia, generic but still realistic enough. Between the pilot tests, 
intermediate prototypes are tested internally by SimLab researchers only. In 
the test sessions, the content and the visualization of the game are addressed. 
The results of previous game prototypes are used to develop the game 
further, with sharpened objectives and structure. 

In the development of Game One prototypes, we started with mock-ups’, 
paper versions, which were like simple board games, but easier and quicker 
to accomplish. To design the increasingly computerized versions, we have 
used Visual Basic. It is a tool for rapidly creating user interfaces and 
assigning functionality to different widgets. In fact, it is a complete 
programming language of its own and allows the construction of very 
complex user interfaces, if necessary. 



3. THROUGH PROTOTYPES TOWARDS 

COMPUTERIZED MULTIMEDIA GAME 



3.1 Manual board games as reference 

Both the SimLab researchers and the representatives of Company A had 
previous experiences about games as training method. The company had 
mainly used board games. In addition they had also participated in a 
traditional computerized business game. To create a joint experience and 
frame of reference for the development work, the company representatives 
and the researchers tested together two existing commercial games, both of 
which were board games and based on teamwork. The first game focused on 
production control principles, and the second one dealt with managing 
projects in a competitive market. 

These game experiences were discussed with the company 
representatives to develop useful features for the new Enterprise Game. 
Summing up, the first manual game had illustrated the advantages of a just- 
in-time system in a clear way. In addition it was possible to run it quickly. 
The second game had already before been successfully used for personnel 
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training in Company A. They had found the game visual and structurally 
clear, it had given a general view of the dynamics of the market economy. 
They also appreciated the team work based design of the game. A negative 
feature of the second game was its long duration and the complexity of its 
rules. 

3.2 Increasing computerization through prototyping 

The first game prototypes were based on the features of a manual game, 
i.e. human communication and decision making around a joint game board, 
but they already utilized the calculation strength of a computer. The applied 
software was a discrete event simulation tool, normally utilized in the 
simulation of production systems, and not in games. The idea of these first 
prototypes was to express all the essential business functions very roughly, 
to test the logic of the game keeping the duration of the games in a few 
hours. 

The first prototype was built quickly, based on the experiences of 
existing games. There were eight participants in different player roles, who 
handled an order from the order to the delivery. Order handling and 
production planning were realized using board game features, and the 
production process itself was actualized as a discrete event simulation 
model. The model was projected on the wall so all the participants could see 
it at the same time. The cash flow was illustrated manually on a wall chart. 

In the joint evaluation of the first prototype, the company representatives 
regarded the manual production planning part as too complex and time 
consuming. It also took too much attention from the economic aspects of the 
game. In addition, the money flow should be visualized more clearly, and the 
costs of production should be illustrated. 

The novelties in the second prototype were a new introduction to the 
game, and a less complex production simulation model. The game 
introduction, realized as a computerized slide show, acted as an orientation 
into the enterprise model in general, and illustrated the rules of the 
Enterprise Game. In the production simulation, the accumulation of 
production costs was now integrated and also visualized in a modest way by 
the computer. However, the more advanced programming of the game 
engine and the multimedia visualization of the material and money flow 
were left for next, fully computerized third prototype. 
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3.3 The computer based multimedia game prototype 



3.3.1 The game engine and the nser interfaces 

After the two first prototypes, the logic of Game One now was ready to 
proceed with computerization, for several reasons. Firstly, computerization 
increases flexibility. The modular structure of the game program will allow 
to adjust the game complexity to the level of knowledge of the players. 
Secondly, computerization saves playing time. In the previous paper based 
prototypes, many numbers had to be manually copied from one place to 
another, which forced the players to be very careful and took too much time 
without adding to learning. Thirdly, the computer can replace missing 
players. For example, the role of the Customer in the previous prototypes 
was mostly to accept all offers and pay money, similarly the Supplier only 
sent the ordered material and the bills. These roles are not very motivating, 
and can very well be played by a computer. If some of the players were 
absent, the computer could also be used to replace them. 

The new game engine for the third prototype was programmed in the 
Java programming language. Six functions of the order-to-delivery process 
were played by human players: Sales, R&D, Production Plaiming, 
Purchasing, Finance and Production. Each of these functional roles had a 
dedicated PC with a specific user interface, connected via a local network to 
the game engine. The game engine played the roles of Customer and 
Supplier, which are only routine roles in Game One. 

Production was designed to take place in an interactive. Virtual Factory, 
which produced imaginary general-purpose robots called ARSCAs 
(Automatic Robot for Security, Cleaning & Assembly). The Virtual Factory 
was programmed using Open Inventor, and the product ARSCA was 
modeled with 3D Studio MAX. These tools allow three-dimensional visual 
modeling, useful for a multimedia game. The virtual factoiy with its real 
time material flow was projected on a huge general screen, the so-called 
virtual wall. The second general screen showed the economic output of the 
order-to-delivery process like cash flow and costs, and profit and loss 
account. 

Game One is realized as a hierarchical game model, where a server runs 
the game engine and the dedicated role PCs are its clients. This architecture 
allows the control of the game to stay in the hands of the game engine only, 
thus simplifying the IT solution. 
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3.3.2 Virtual reality and social interaction 

The goal of visualization in Game One was to make the Virtual Factory 
and its ARSCA products to look fascinating so that people would be 
motivated to play the game, and realistic enough that they could recognize in 
them some familiar features from their everyday work in the real factory. In 
reality, Company A produces engines, turbines and generators and it has 
factories familiar to the Virtual Factory. 

The virtual ARSCA robots are meant to work in the nuclear power plants 
where also the real products of Company A are placed. The design of 
ARSCA is fit to its demanding tasks in surroundings that can be very risky 
or inconvenient for people. The power rises from the technology inside the 
robot - big muscles would only be unnecessary and impractical. Special legs 
and arms and fashionable design steel jackets in different sizes allow the 
flexible customization of ARSCA. (Figure 2) 

A snapshot of the Salespersons screen, a picture from the virtual factory 
and the product, ARSCA, are shown in the Figure 2. 




Figure 2. From left to right: A snapshot of the Salespersons screen, a view 
from the virtual factory, and the product ARSCA. 



Each role is played by a pair of two participants, to relieve the social 
interaction and discussion of the participants during the game. The 
participants have to solve the occurring problems together before the game 
can continue. The game facilitator supports the experimentation and guides 
the discussion both during and after the game. Firstly, the facilitator has to 
highlight essential learning issues and secondly, to enable and ensure that 
everybody takes part actively. The facilitator uses the shared Visual 
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enterprise model to point out the highlights, in order that the students could 
learn primarily by experimenting together. 

In the first test game, one order was followed through the process, and 
the functionality of all player screens and of the general view on the wall 
were evaluated. At present, the prototype is developed to run in a multiple 
order situation and to handle disorders in the production flow. 

4. COMPARISON OF THE PROTOTYPES 

The third prototype of Game One already integrates to a large extent 
conceptual, computational, visual and social enterprise models into a 
comprehensive ‘virtual enterprise’, where the participants can together run 
the order-to-delivery process. The increasing level of computerization and 
visualization in the development of Game One can be seen in Table 2 
(Smeds et al. 1998). 

Table 2. The models of the enterprise system in the three prototype games. 



Model 


Prototype I 

June 1998 


Prototype II 

September 1998 


Prototype III 

May & August 1999 


Conceptual 


Simple process 
chart of the order- 
to-delivery process 


Chart of the order-to- 
delivery process, game 
introduction, basic concepts 


Chart of the order-to-delivery 
process, game introduction, 
basic concepts 


Computational 


Production process 
as a discrete event 
numerical 
simulation model 
with modest 
visualization 


Production and production 
costs simulated on discrete 
event numerical simulation 
model 


Material, information and money 
flow modeled in the game 
engine and in the user PC 
interfaces, applying Java and 
Visual Basic. 


Visual 


Process chart and 
production model 
projected on the 
virtual wall. 
Manual game 
board for order 
handling and 
production 
planning. 

Paper money for 
cash flow. 


Process chart, production 
and cost flows projected on 
the virtual wall. 

Display of cash flow. 
Manual game board for 
order handling and 
production planning. 

Paper money for cash flow. 
Game introduction as 
illustrated slide show. 


Virtual reality model of the 
factory and of the product 
ARSCA. 

Player tasks and information 
flow visualized on the dedicated 
displays. 

Cash and cost flows projected on 
the virtual wall. 

Profit and loss account on the 
virtual wall. 

Game instruction as illustrated 
slide show. 


Social 


A team of eight 
players with 
different roles runs 
the game factory. 
Facilitated 
discussion during 
the game. 


A team of eight players with 
different roles runs the game 
factory 

The profit and loss account 
and the balance sheet are 
prepared manually by the 
facilitator. 

Facilitated discussion 
throughout the game. 


A team of twelve players runs 
the game factory playing in six 
main roles. Two roles are played 
by the computer. 

Profit and loss account and 
indicators are displayed on the 
virtual wall to calculate results. 
Facilitated discussion throughout 
the game. 
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Visualization through multimedia and virtual reality in Game One aims 
to create a more realistic and memorable experience, to increase the learning 
effects. However, we also emphasize the communication between the 
players, the social role play. The visualized simulation models allow 
participants to experience as multifunctional team members the operation of 
a complex business process. Communication in the game roles deepens the 
common process understanding. The discussion during and also after the 
game about the actions and their effects is essential for learning. - However, 
on the development path so far, human communication aspects in the game 
prototypes have so far remained quite constant (Table 2). They will be 
elaborated on extensively when we proceed towards the final Game One. 

In the final Game One, we aim to have a configurable game structure, 
where the facilitator can determine what kind of problem situations can be 
simulated, depending on the level of knowledge and interest of the players, 
and on the learning targets. The user interfaces and the virtual wall displays 
have high usability through increased visualization, and pay special attention 
to the facilitator’s role and the pedagogical package surroimding the game 
core. Thus, the last development phase of Game One requires frequent 
usability tests with the real target group of learners from Company A. 
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Abstract: Several questions are asked about the actual use of games. The need for 

development of realistic games is discussed, and some specific criteria for 
making games realistic are presented. Three examples are described. They are 
all based upon use of information technology and some new facilities offered 
by this technology. The three examples are hybrids between games and 
experiments, offering players important possibilities and freedom for >design= 
of the game or experiment they want to make. So, the examples all illustrate 
some new waves for games in industrial management. 



1. INTRODUCTION 

Computer games have been known for many years, but latest 
developments of information technology make it necessary to raise the 
questions: 



• How will information technology change our possibilities for 
design of games? 

• Has information technology already changed the design of 
games? 

Several major changes are going on, possible and under way in 
Information technology field: We have a shift in using computers 
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• From a means for computation of consequences and results in 

traditional games 

• To an interactive tool in networks. 

This opens possibilities for: 

• Release of data and information during the game 

• Communication between players - even geographically separated 

• Group works on common files 

• Players own handling of data and fast calculation - even with 

players’ own models 

• Visualization with video tapes or video conferences 

and based on that we can create ‘virtual’ reality. However, the most 
important new issue is the hypertext. This allows going through a game via 
many different routes, depending on players’ decisions. 

So, which impact will these new possibilities have on our design and 
development of games in the future? 

We have used information technology in education for many years, but 
the use has accelerated during the last 20 - 30 years. 



2. SOME CHARACTERISTICS FOR TRADITIONAL 
COMPUTER-BASED GAMES 

One characteristic is related to the functional task of the computer. Many 
computer-based games have a concept in which players have to make 
decisions and enter data in the computer. The computer makes a 
computation and answer with some consequences of the decision. 

Another characteristic is related to the use of models in games: Normally 
models in the computers are unknown for the players. So, the game situation 
is an exercise in investigation of unknown models. Maybe this situation 
matches to a situation in the real world, but another educational situation 
could be: How to learn about the functionality and usefulness of different 
models? How can this situation be designed by use of Information 
technology? 
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Figure 1 : During the latest years we have seen a rapid 
development of new technology that can be used in education. 



3. ARTIFICIAL - OR NOT? 

Games are artificial. Flowers can also be artificial. And lakes as well. 
However, there is a difference between the kind of ‘artificial’. An artificial 
flower can never become real, but an artificial lake can - given time - be 
real! What about games? 

Many games are far away from the real world. 

• They are played in different surroundings 

• Rules are artificial 

• The accessories are in a special design for use in the specific 

game 

• The problems in the games are not always realistic, because they 

are designed to illustrate how specific methods and tools can be 
used - so problems are often very simplified. 

• Based on the above, people are therefore playing roles that do not 
really match their roles in real life. 
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So, many games seem to be artificial. Another element can be added: 
What makes a game to a real game? Or; When is a game a game? 

• Is a computer programme that has to be played by a single player 
a game? 

• Is a computer programme, which can be used sequentially to 
calculate some consequences by two persons a game? 

• Is a game in which all decisions must be made based on designers 
decision alternatives a game? 



4. EDUCATIONAL ACCESSORIES ... 

In a world in which multimedia are growing up everywhere, the potential 
players will expect more than a computer programme able to make 
calculations of some decisions. The traditional computer-based games with 
fixed models must be named educational accessories, and we need a new 
name for interactively used multimedia games. 

A special sort of game is: Simulators, as they are used in different areas 
for training of operators. They should not be named games, but Simulators. 



5. WHAT MAKES COMPUTER GAMES 
REALISTIC? 

A development of realistic games - or a redesign of existing games - must 
include at least following elements: 

• A realistic main topic in the game 

This includes that the main scope for the game is based on 
problems from real world life in companies, and these problems 
(and the game set-up) are presented, as they would be in a 
running enterprise. 

• The environment - the presented information 

This can also be named as the wrapping. It is the system that 
gives the game a realistic view and functionality that matches the 
real world systems. 

• The freedom for players to make decisions of their own 

This freedom includes that the players have opportunities for 
making their own decisions, and not only to make pre- 
programmed decisions, designed by the game developer. 

• The interaction between people 

In the real world interaction exists between people. Therefore 
"games ’ where a single player plays a computer-based game, are 
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not games, because the interaction is not present. The computer is 
transformed to a simulator to train the person to press the right 
sequences of keys for having the best result. The interaction 
between people can be designed by different means - exactly as 
in the real world: Face-to-face, by talking via some technical 
devices, by written communication etc. The participants play 
roles, and they act not always rationally. So this interaction 
between participants must be included if a game should be 
realistic. 

• The competition. 

This element has two dimensions. First, in real world business 
competition is real, so a real business game must include this 
element by some integration of interaction from a market: 
Competitors, suppliers and customers. Second, the competitions 
can be a factor to motivate the players. The game must therefore 
be designed so at least two teams can go along simultaneously 
and by that create a situation with competition, 
and 

• The trigger! 

This is the engine, which pushes the game forward. The clock 
cannot alone be the trigger - unless it is combined with releasing 
of some events. Such events can be based on receiving orders 
from customers. However, the realism in the game will strongly 
depend on types of events included. In an industrial enterprise 
stochastic events occur in many areas: In internal in organisation, 
in production systems, in the social system and in the 
surroundings to the enterprise: Markets, competitors, societies, 
life style trends, technological conditions, new products, 
information technology, political environments etc. 

In the real world these events from various sources play an important role 
for how the ‘real play’ takes place! In a realistic game a trigger must be 
introduced, able to produce events that focus on the problems, the game is 
designed to illustrate. 



6. INFORMATION TECHNOLOGY’S 
OVERWHELMING IMPACT! 

One consequence of the very fast development of information technology 
has been, that focus has been moved away from other means in design of 
educational activities? A traditional means has been Experiments. 
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In an attempt to structure different purposes and uses of game types as 
well, the model in fig. 2 has been published. 

Simulation is used in different situations and must be designed according 
to the purpose. Following model describes games based on three dimensions: 

• Game purposes from players point of view 

• Game purposes from a system point of view 

• Game categories - types of simulation 

7. SIMULATION GAMES - OR EXPERIMENTS? 



Over some years the author has been working with integration of 
information technology and use of the new possibilities in education in three 
different types of activities. 




Figure 2: Simulation and experiments classified by three dimensions 

(ref 5). 
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8. LOGI GAME - A DISTRIBUTION GAME WITH 
OPEN MODELS AND STRUCTURE 

LOGI GAME is a logistic game with simulation of distribution in a 
simplified channel with three levels: One producer and two wholesalers, 
each with two retailers - in total seven enterprises. All these have to select 
material management and administrative models from a Modelbank with 
several pre built Excel models. Before the game starts, game manager and 
players can decide the demand structure in the market, overall organisation 
of the enterprises, game rules, etc. Therefore the players have possibilities 
for design of the Experiment. Models are known to the players, and players 
themselves design game rules. If they do not like the pre built Excel model, 
they are fi"ee to improve them - or to design their own ones. 

The attempt to make a realistic game is handled by use of an event 
generator that stochastically creates events from market, production system 
and financial area. Since all enterprises need two players, many possibilities 
are open for role-playing and personal interaction. The game is designed so 
several types of experiments can be worked out. The game has earlier been 
described (ref 1, page 175 - 184). Since then the game has been transformed 
so that it can be used on an Intranet with on-line information. 



9. A STUDENT PROJECT IN A PROJECT 

MANAGEMENT COURSE - AN EXPERIMENT 

A main problem in teaching project management to students is their lack 
of work experiences in an organisation. Therefore it might be difficult for 
them to understand both the importance as well as the content in ‘soft topics’ 
such as conflict solving, commitment to plans and budget. 

Based on this, in a first phase a course in project management was 
changed, so it partly ran as a project, where the students themselves should 
‘run the course’. This includes making several different ‘deliverables’. The 
participants had to plan and carry out several activities and produce 
deliverables within the course main topics. During the project the 
participants have to work with several methods and tools - and not only read 
about them. The teacher has decided the general frame for the course - and 
deviating from this was not possible. The frame ensures that important topics 
are included in the course. 

After three years with this experiment the course was changed in a 
second phase, so it also integrates Information technology in the 
communication and interaction among all members in project organisation. 
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Since the course runs with 70 - 80 students, with exercise on different 
workdays, there is intensive communication. 
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Figure 3. The experiment concerns a unique project where the left part 
concerns a process oriented project about project management it self: 
Running a course in project management. Production planning is here 
related to a specific area. 



So, the course was really a great simulation - or experiment - with 
running a project. Of course, it had some very specific characteristics. Figure 
3 shows that projects consist of two parts: The managerial part and the 
‘project product development part’. The last part concerns development of a 
system or in other cases of going through a process - as for example 
organisational changes or educational programmes. All projects do have 
specific characteristics, and the characteristic ones for this course were, that 
the content in the left part was the project management course it self. So the 
students had on one hand to develop the course content themselves, and on 
the other hand to manage the project: A project organisation with app. 80 
part time members working on 5 different week days. One thing was sure: 
When so many students have to work together and produce deliverables to a 
project, they will also create many problems and conflicts. An important 
thing is that teacher or designer does not pre-program the sequences of 
problems and conflicts. They are a result of interaction between students and 
the decisions they made. So the learning effect from the experiments was 
based on as well their group work with several different deliverables as upon 
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their experiences with, how problems and conflicts start, runs and maybe 
also can be solved. 

In figure 4 is shown the start page of the course WEB site. In the 
students’ section there is a system for systematically recording problems and 
experiences. 
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Figure 4. Use of information technology was based on a web site 
with two sections. One for all teacher's course material and one for 
the student communication: File sharing, discussion groups and a 
very special thing: A logbook section for recording of student 
experiences during the project. 

Further there is a link to an Internet-based project management game: 
Based on detailed logbooks from previous years, an on-line Internet 
decision-based game has been developed. This game is now used to prepare 
the student to some of the typical problems and conflicts, the project 
management is facing in the student project. 



10. A VIRTUAL COMPANY ON INTERNET - A 
FRAME FOR SEVERAL GAMES 



Based on the concept from the LogiGame the idea was bom to develop a 
general virtual company, which could be used as general basis for several 
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different types of business games. The idea was, that the company should be 
presented on Internet as ‘a real company’. This idea has been described in 
more details in other papers (Ref. 3 and 4). 

The virtual company: SnapHane produce beer brewing automates, a new 
product to be introduced on the market. Therefore the enterprise has to be 
established with an organisation, production system, information system etc. 
Some of the basic ideas are that: 

• the work should be done by students’ work at different 
universities and engineering schools - based on a general 
concept. 

• a Modelbank should be established with descriptions and Excel 
models of several methods and procedures from the industrial 
engineering fields 

• the virtual company and Modelbank should be available for 
different types of educational activities: 

• Specific analysis of different topics and development of possible 
solutions 

- Running the company via different sorts of games - and by 
that bringing the company in an operational phase 

- Development projects related to company systems and 
products, such as the SnapHane educational system itself 
(for example development of new games) 

- Development of models and material for the Modelbank. 

Figure 5 illustrates how the SnapHane has two parts: A management part 
and an operational part. Figure 6 illustrates how it could be possible to 
integrate different existing games into a common structure based on data and 
information from a common enterprise. 

At the moment different students works are going on with development, 
and some thesis work have been finished. A new model of beer brewing 
automate has been developed with full documentation of the product itself 
and the development project (ref. 6). Based on this a Internet based product 
development game has been developed in another thesis work (ref. 7). Other 
students are working with development of different models to the 
Modelbank. 
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Figure 5. The SnapHane company can be developed in different directions. 
First part is the organisation, products, production and information systems. 
Seconds part is supply and distributions channels. 
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Figure 6. If possible other games from various sources can be transformed so 
the result could be a comprehensive collection of different business games, 
all related to a common enterprise. 

So the idea is, that the SnapHane company will grow - and grow with a 
speed depending of the number of students, who want to work with 
development of this company. The value of the system will increase, if 
students from different countries and universities contribute to the 
development, supported by teachers from institutes. On longer terms it might 
be possible to play games with this virtual company via Internet with players 
from different universities. The virtual company could be split up with 
departments located at different universities or with customers or supplier in 
different countries. 

The information technology opens new possibilities for design of 
business games and games in production management. 
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Abstract: New learning methods have a major part to play in management education. 

Traditional learning methods can be used effectively on subjects such as 
finance, economics and some aspects of human resource management which 
are based on a body of knowledge. But the subject of operations and 
production management which requires managers to manage the situation 
needs new approaches to education. This article defines the requirements for 
the reproducing of the managerial challenges as they really are, and it proposes 
a scheme providing a laboratory for management learning. The scheme has 
been tested exhaustively and the article reports on the outcome of these 
learning experiments across a comprehensive set of managerial issues. 



1. THE PROBLEM OF REPRODUCING THE TASK 
OF MANAGEMENT 

Few commentators would credit Business Schools or Schools of 
Management with having solved the problems of management. The 
language of Business can be learnt and the issues raised and discussed but 
the process of management itself remains firmly inside the workplace. 
Management education is usually presented through the traditional media of 
lectures, case studies and discussions in the safety of the classroom well 
away from the real time pressures and priorities which managers actually 
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face. Even the most modem textbooks can bnly refer to topics not 
management itself (1). Attempts are made to bridge this gap through 
simulations, games, exercises, plant tours and by introducing visiting 
speakers from business to report their practical experiences. Realistic games 
are becoming more common in Europe for illustrating the challenges of 
organisation, but these often have a specific focus in mind such as 
demonstrating Just-in-Time concepts rather than exposing the confrontation 
of open-ended issues which managers face. 

The challenge to be addressed is how to recreate the managerial context 
within a classroom setting given the variety of management situations and 
the constraints of the educational process. This issue has persisted within 
our own institution at the London Business School for many years. Eight 
years ago we started to use videos taken inside companies of managers and 
place these within the context of case studies to demonstrate the manager in 
action. We also developed courses which involved students in small groups 
working on managerial projects. Both these schemes contributed to the 
learning of the reality of management but the students could not feel the 
pressures of practice (2). More recently our principal aim has been to create 
a realist management laboratory through which we could re-produce the 
managerial experiments which actually take place. The test was how to 
recreate the realism, the experimentation and combine these aspects with the 
efficiency, flexibility and disciplines required in the classroom which are 
essentially contradictory. Nevertheless over the last five years a managerial 
test environment has been created which we believe fulfils these conditions 
successfully. 

The development of the managerial learning experience has been the 
product of a number of inputs: 

• a long series of experiences with managers who have to cope 
concurrently with technical, logistical, human and commercial 
issues which has been drawn upon in developing the exercise 

• the recognition that a classroom of students could be formulated 
into a set of managerial problems where "the organising of the 
people" is the central issue 

• the availability of interactive inexpensive communication 
technology which could both discipline the exercises as well as 
reproduce the role of IT and provide the data needed for analysis 

Our aim was to reproduce the situation in which the students could live 
their own case study. The following sections define the properties of the 
management learning laboratory and the series of concepts and learning 
stages which it provides. 
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2. THE REQUIREMENTS OF THE MANAGEMENT 
SYSTEM 

Various production games have been developed in the form of physical 
exercises in which a small physical object is produced. Games have also 
been developed in the form of in the form of computer based simulations. 
Some computer-based simulations are intended to illustrate the complexity 
of decision making for scheduling, for demonstrating MRP etc. Other 
classic business simulations are used to demonstrate and explore competitive 
behaviour - the most well known being the game Markstrat. 

Few of the existing games demonstrate the management problems of 
organisational design, process improvement and negotiation, and the linking 
of operational actions with commercial outcomes. To recreate those 
managerial processes it is crucial to focus on the managerial challenge even 
more than the technical or computational challenges. The way in which the 
required business environment has been achieved has been to include certain 
key ingredients: 

• the definition of a business context in terms of negotiable 
contracts with external stakeholders 

• the necessity to physically 'manufacture' an object which has 
potential quality problems with prices, costs etc 

• the provision of an automatic IT scheme and public display 
system through which the pressures and the accountability are 
imposed without requiring pressure from the tutor who can in 
effect remain as a referee of success 

• the idea of progressing towards a desired end result with no pre- 
defined pathway to the end, thus recognising the process of 
business advance as a series of experiments on the operational 
situation. 

Developing this type of situation implies complexity of educational 
approach where we are looking for simplicity of execution. This is the 
fundamental compromise in games exercises in production and operations 
management: how to retain the complexity of the real situation whilst 
providing the necessary simplicity and boundaries for tutor and students. 

Over extensive trials we believe we have identified appropriate 
boundaries in the series of exercises which we have named Discovery. The 
learning of 'what to do' for the students in each exercise is guided by a short 
preliminary case study reading which introduces the situation, a short 
presentation on the structuring of a business operations in general and the 
illustration of that general structure on the features of the particular exercise. 
The specification of each exercise is thus positioned within the reality of a 
business setting. 
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Secondly the timing and pacing are provided by a public display system 
from a PC projector which itself is linked through to a multiplexer to a set of 
small telepads which can communicate to the PC in order. This 
communication system can present status and records performance. The 
magic of this electronic recording is its immediacy, its imposition of 
pressure, its ability to enable analysis to be done from the data collected 
which is independent of verdicts passed by the tutor or students. 

The third condition which leads to success is the staged development of 
the exercise which provides pathways through the experiments to build up 
the layers of learning. This pathway ensures that the learning takes place 
and that serious and significant questions can be asked as student assessment 
issues on completion of the exercise. 



3. THE DISCOVERY EXERCISE 

The series of exercises and experiences which have been developed have 
been branded under the name 'Discovery' and in its present form the scheme 
consists of two broad phases of learning each with subsections. They are 
constructed around the growth and expansion of a notional electronics 
company. 

Discovery I: Learning phases 

i) the recognition of the challenges of designing an 
operational system within a business environment 

ii) the testing of that design by running orders through the 
system and engaging 'employees' within operational 
functions 

iii) the evaluation mechanism 

iv) the emergence of a series of improvement experiments to 
be tested as changes to the design to both remove problems 
and exploit market and supplier opportunities 

v) the development of the commercial-operations relationship 

vi) the recognition of the limits to potential performance in an 
operation 

Discovery II: Learning phases 

i) the ideas of structure in relation to strategy or systems 

ii) the role of integrating and simplifying structure and 
mechanisms in the operations 

iii) the organisation of the transition from one configuration to 
the next 
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iv) the changed role of management as managing a model of 
the situation rather than the situation itself 

v) the recognition of the changed potential for new product 
and process development within the new structure 

Thus the total Discovery exercise has become capable of reproducing a 
whole series of learning exercises. The details of the exercise are shown in 
the diagrams attached: 

• figure 1 shows the layout and logistical configuration of the 
Discovery system in which the 'stages' are set out for the 
production of the product 

• figure 2 shows the display which indicates the current status or 
model for the manager of 'what is happening' 

• figure 3 shows the instructors toolkit for presenting the series of 
exercises 

• figure 4 shows the emerging themes for the various parties in the 
learning exercise 

A vmifying theme to the whole of the Discovery I exercise is the 
reference to operational design within a business context. The business 
context is presented as the fundamental constraints within which the 
operation must work - constraints which can be re-negotiated but normally at 
extra cost and which in turn makes more demand on the internal 
improvements. 

The internal organisation is presented in terms of six subsystems which 
can be divided into three groups: 

• technical the technical capability subsystem 

the logistical layout subsystem 

• operational the order progressing subsystem 

the task allocation subsystem 

• appraisal the accounting and approval subsystem 

the review and improvement subsystem 

The series of initiatives within the Discovery exercise are continuously 
referred back to this unifying framework. It is that framework which 
provides students with a means of re-interpreting practices which they see in 
companies and as a medium through which improvements can be 
considered. 
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Figure 1 The Basic Operational configuration. Students occupy defined roles 
in the overall business operation for the running phase of the Discovery 

Participator. 
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Figure 2. During the Run. The live display screen showing what is 
happening continously. Each area has a telepad to record the activity as it 

happens. 









54 



Alastair Nicholson 



1. 


Student pre-reading material 






• 


The Discovery I case study: describes a new business 
start up and includes all necessary drawings and 
specifications with exanple outcomes of the first three 






• 


months’ progress of the company. 

The Discovery II case study: describes the proposed 
inplementation of MRP, JIT and cellular technologies 
for re-structuring the Discovery I business. 






• 


Each student is given a role within the Discovery 
Exercise, an outline of the business plan and the design 
of the operation. 




2. 


Class set-up Materials 






• 


The Discovery 5 different component parts 
(Sticklebacks) for ‘manufacturing’ the product (100 






• 


pieces of each part plus a set of trays) 

10 telepads linked to a multiplexer and to a PC and thus 
to a projector to an overhead (or a set of TVs) [Can use 
function buttons on PC as back up] 






• 


A class room which is arranged as a mini-organisation of 
8 working areas 






• 


The guideline instructions for the instructor with a step 
by step action. All other instructions are embedded 
within the PC display 




3. 


Running the Discovery I Participator (2.5 hours) 






• 


Explaining the system and run 


15 mins (+ 




• 


Doing the first run and review 


30 mins) 
30 mins 




• 


Explaining the IT system 


30 mins 




• 


Running with the full IT system and running results 


30 mins 




• 


Developing future improvements 


30 mins 




• 


Reviewing and assessing the process improvement 


30 mins 


4. 


Running the Discovery II Participator (2.5 hours) 






• 


Considering systems on operational technologies 


30 mins 




• 


Proposing, trying out and explaining MRP 


30 mins 




• 


Proposing, trying out and explaining JIT 


30 mins 




• 


Proposing, trying out and explaining Cellular format 


30 mins 




• 


Reviewing the internal and external potential and 
difficulties of adopting the three systems 


30 mins 



Figure 3. Instructors Toolkit for the Discovery Participator 
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In practical terms the Discovery Exercise combines several concurrent 
themes which provide the basis for the increasing sophistication of the 
exercise. 



I 

1 . Practical stages of the experience consist of: 




2. As achievement for the manager (represented by the instructor) and 
management 




3. Guiding, controlling and motivating the activity and discussions is the 
real time information system which: 




4. As a learning experience the student, both individually and as part of a 
team, progresses through a series of barriers: 




Figure 4. Organisation of the Learning 
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4. DEVELOPING THE IDEA OF RE- 
STRUCTURING THROUGH THE DIARY 
SYSTEM 

The Discovery I exercise aims to create the idea of organisation, 
evaluation and improvement and the art of experimentation as the basis of 
operational investment. But, realistically, like all enterprises the effort of 
continuous improvement reaches its limits. Seldom are there technical 
limits. The limits are managerial: 

• the limits to maintaining the development of ideas 

• the limits to continuing performance gains 

• the feeling that the variability and slack which remains will just 
have to be coped with at the time and on the move 

These limits are reached within four or five cycles of the improvement 
process. 

At this stage the intention is to open up the idea of structural changes 
rather than continuous improvement changes. Structural changes mean that 
a new concept is introduced, radical alterations are made to the product- 
process configuration to the roles and responsibilities. The need for such a 
change is normally prompted by new business pressures or the opportunities 
provided by new technology. 

In the Discovery II exercise the proposal is to consider the impact of Just- 
in-Time, Enterprise Resource Placing (as a development of MRP) and 
Cellular Organisation. Part of the learning objective is to see what these 
schemes mean as an implementation on an existing organisation. These 
concepts can be demonstrated or can be run as a full learning exercise. The 
richness of the learning here is that: 

• The students are learning what the ideas mean as proposals to 
themselves on their own organisation, ie they have to face the 
ideas as existing owners of a working practice and thus have in 
their own minds the resistance to change (3). 

• The ideas are all equal candidates for structural change. There is 
no need to assume that one system is better than another. Often 
games are developed to prove the JIT advantages 

• Structural change must consider implications of control, 
information requirements, people implications as well as the 
potential to cope with a changing business environment 

The exercise with Discovery II is therefore set out as the challenge of 
implementation of new systems or existing systems with an eye on 
organising technology as an investment which can be as rich or richer than 
'technical' technology. The ideas are posed in terms of their classic concepts 
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which are already well understood from textbooks and other readings. The 
questions for the exercise are then to pose the investment questions: 

• which investment will relate to external gains of growth, 
diversification and product development? 

• which investment will formulate the transition from what exists 
now most easily? 

• which investment will require most change to the information 
and control system? 

From the business point of view the most critical dilemmas are: 

• what are the predicted gains in productivity from each 
investment and which costs will be most reduced? 

• what will the new system offer in terms of managerial 
significance? 

For each re-structuring the students are asked to act as proposers and 
resisters of the new scheme and as advocates and negotiators of the changes. 
The focal point of the discussion however is the recognition of the changing 
role of management for the new circumstances which the restructuring will 
lead to. Each of the schemes is used to identify a unique organising 
technology 

• the process of information and planning is MRP 

• the identification over any form of waste in JIT 

• the potential for improvement in Cellular Organisation 
Learning the value of these themes is only fundamentally achieved by 

students when they can recognise its potential and its risks in practice. 



5. EVIDENCE OF RESULTS 

The Discovery Exercise has now been worked numerous times with 
many audiences. It has been proved in various company learning situations 
and with numerous academic audiences. Beyond its strength in its the role 
as a learning tool, it has proved remarkably flexible in scope both for 
varying the length of the educational experience and in handling different 
numbers of students or participants who can be accommodated within the 
system. The Discovery experience can be run in a demonstration mode or in 
a brief running mode over a two-your session. Alternatively it can be 
worked over a full week in which the total operational learning can be 
explained with itemised learning points which can be applied to the business 
from which the participants come. It has been used with as few as nine 
students and as many as forty-five in a single run. 

The distinctive learning points of the Discovery system include: 

• the design of the working organisation 
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• the evaluation of a working system 

• the local improvement process 

• the relationship of an operational system to its commercial 
results 

• the recognition of a technology within an organisation 

• the role of implementation of modem practices such as JIT, MRP 
and Cellular organisation 

• the reviewing of stmctural change in terms of the simplicity of 
transition to new working arrangements 

The most promising results of the scheme is the chance it has provided to 
reverse some established patterns in management education. Management 
education in Business Schools has retreated into teaching the external 
environment of business - finance, strategy, marketing, organisational 
culture. Whilst engineering related courses have still wanted answers to the 
problems of management. Until we are able to reproduce the 'situation' to 
be managed in the classroom, students of management will not be able to 
comprehend and enjoy taking on the challenges (4). The experience with the 
Discovery system has shown how it: 

• develops a practice of management and thus reveal the ideas 

• demonstrates the multiple inputs to the management process and 
the role of negotiation in deciding a next step 

• displays that the variety of models produced by opinion, custom 
and practice, data, and design of the system as contributors to 
both change and resistance to change 

• shows the reality of what IT systems can do 

We are thus able to show the value of experience and established practice 
as the factors to be learnt and considered in the development of business 
education systems. 
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Abstract: In this chapter, a balanced and holistic approach for the assessment of change 

management in context of tailored simulation gaming and computer simulation 
is developed. The change management measurement framework distinguishes 
between internal efficiency and strategic effectiveness from human resource, 
process and technology points of view. In addition, the change projects itself 
and the outcomes of the project, i.e. the changes in operations, are evaluated 
separately in the framework. The framework is applied to analyze and 
compare the change projects in three Finnish manufacturing companies. The 
results indicate that the framework explains the difference between successful 
and less successful change management in manufacturing processes. By 
applying the measurement framework in practice, organizations can 
continuously improve their change management capabilities. More empirical 
research is needed to test the framework further. 



1. INTRODUCTION 

Enterprises have to change and develop their performance continuously 
in order to survive. In addition to being effective in their current processes, 
they now have to develop their capability for change management. The level 
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of competition is shifting from the management of operations to the efficient 
and effective management of change [1]. 

Simulations have been successfully applied as change management tools 
in Finnish industry during the last ten years [2, 3, 4, 5]. The change 
management method discussed in this chapter applies tailored simulation 
games and computer simulations in process development. 



2. LITERATURE REVIEW AND STATE-OF-THE- 
ART IN MEASURING CHANGE PROJECT 
MANAGEMENT 

It is commonly agreed that all the development activities in a company 
should be prioritized and based on carefully crafted business strategy [6, 7, 
8, 9, 10, 11]. In addition, the selected development activities should be 
executed with the best possible input /output. These ideas also apply to 
change project management in manufacturing processes. Consequently, the 
management of change projects in manufacturing should also be measur- 
able. Only when we are able to measure the efficiency and effectiveness of 
change project management is it possible to continuously improve the 
organization’s change management capability. With effectiveness we mean 
the external, strategic performance, "doing the right thing", where 
strategically correct processes are developed, and strategically sound targets 
are piarsued. By efficiency we mean the internal, operational performance of 
change management: "doing it right", reaching the objectives of the change 
project with the best possible input/output. 

To ensure the effectiveness of change project management ‘the balanced 
scorecard’ by Kaplan & Norton [8] can be used. Davenport 1993 [6] 
identifies four criteria that guide change process selection: 

1. Strategy; 

2. Process Health; 

3. Process Qualification, i.e. the process has a committed sponsor, and 

4. Manageable Project Scope. 

In addition to process selection, Davenport sees that human resources and 
technology are important factors of change. The measures for the 
development projects are normally timetables, milestones or preliminary 
goals and budgets. Harrington 1991 [7] provides the five phases of business 
process improvement as follows: 

1. Organizing for Improvement; 

2. Understanding the Process; 

3. Streamlining; 

4. Measurement and Control, and 
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5. Continuous Improvement. 

According to this approach, the executive improvement team sets the 
initial development goals and gives the task to the process improvement 
team which defines milestones according to the five phases and makes a 
detailed plan for 90 days. Kotter 1995 [10] suggests the following eight 
phases for transformation projects, each of which also fimctions as a 
milestone: 

1 . Establishing a sense of urgency; 

2. Forming a powerful guiding coalition; 

3 . Creating a vision; 

4. Communicating the vision; 

5. Empowering the others to act on the vision; 

6. Plaiming for and creating short-term wins; 

7. Consolidating improvements and producing still more change, and 

8. Institutionalizing new approaches. 

In addition to literature review Managing Directors from three global 
consulting companies were interviewed to define the state of the art in 
measuring change management projects. In the following, the central results 
from the interviews are briefly given. 

Consulting Company A uses the following six key points as measures 
for manufacturing process change projects: 

1 . Are objectives discussed and agreed upon within a team? 

2. What kind ofknow-how or experts are needed? 

3. What are the success factors in the change project? In particular, 
the willingness to change and perseverance in development are 
evaluated at the beginning of the project; 

4. Basically change projects are measured by objectives and 
milestones. Sometimes actions to be taken can be used as 
measurements: whether actions are taken or not is thus 'checked'; 

5. Operational measures such as quality, throughput times, punctual 
deliveries or same day deliveries, service level, creativity, stakes in 
persoimel training, use and stakes in information technology, are 
used; 

6. The use of creativity, the ability to create and the climate for 
iimovation are the change measurement areas which should be 
developed further. 

Consulting Company B applies the business measurement framework 
according to which strategy is measured by business results: a popular tool 
for this is the balanced scorecard [8]. Furthermore, the competitive factors 
stemming from business strategy are measured from three points of view: 
human resources (behaviour), processes, and technology (information 
systems). The first level change management measures are business 
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advantages and benefits achieved in the large company-wide change 
projects. The second level is the process level, where process results such as 
throughput time and quality are measured by comparing the results to the 
previously set objectives. The third level is to measure change in behaviour 
in different oraganizational groups. Changes in behaviour are measured by 
asking how people can see, perceive and verify changes in themselves, in 
their work environment, in their colleagues, managers and subordinates. 
Based on these questions Change Journey Assessment Profile is made, to 
detect and measure whether the change is successful or not. 

In Consulting Company C, one of the main measures in the area of 
change management is the willingness to change, or its opposite, the 
resistance to change within an organization. In this measure, persoimel are 
classified into nine groups according to their willingness to change. Group 
number one is the most willing to change, while group nine is the most 
resistant. It is of special importance to identify members of group nine. 
Normally the largest part of an organization belongs to groups four to six. 
The grouping is accomplished by interviews, questionnaires and tests which 
evaluate the capabilities, motivation and potential of persoimel. The three 
key points of change management in Consulting Company C are as follows: 

1. Vision, strategy and objectives; 

2. Preconditions and critical success factors: readiness for the change, 
understanding its necessity and motivation, resources, commitment 
of management, commitment of personnel, and desire of owners; and 

3. Operative measures, as simple as possible. 



3. FRAMEWORK FOR MEASURING CHANGE 
MANAGEMENT 

The framework is a synthesis of the consultant survey, in particular 
business measurement framework of Consulting Company B and of 
Davenport [6], Harrington [7] and Kotter [8]. It focuses on operational 
excellence and change management. The measures for assessing change 
management in manufacturing processes can be basically classified into two 
types. The first type assesses change project management itself, and the 
second measures the outcomes of the change project, i.e., the improvements 
gained in manufacturing operations. Both of these types are measured in 
three dimensions: human resources, processes and technology (Figure 1). 

In this framework we assume that change management and 
manufacturing operations are competitive factors that have risen from 
business strategy. Furthermore, it is noticeable that changes in the 
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measurements of a manufacturing operations’ operational excellence result 
at least partially from change management. 

Change management measurements can be divided between strategic 
effectiveness and internal efficiency. Examples of both types are given in 
table 1. 



Table 1 : Change Management Measures. 



CHANGE PROJECT MANAGEMENT MEASURES 




Effectiveness 


Efficiency 


L 

Human 

resources 

measures: 


includes sponsorship, innovative 
climate, communication of 
corporate strategy, desire of 
owners, willingness to change, 
evaluation of the understanding of 
objectives 


includes invested time of mgt. 
and employees, productivity, 
perseverance in change, social 
skills, educational skills, sense 
of coherence,capability, 
motivation, resistance to change 


Process 

measures: 


includes strategy alignment, 
identification of critical success 
factors, use of generic change 
management methods and 
creativity techniques, quality of 
planning 


achievement of objectives 
compared to plan including 
milestones, timetables, budgets, 
project scope 


3, 

Technologv 

measures: 


identification of strategically right 
technologies, tools in the change 
project 


cost efficient use of technology 
(simulation games, computer 
simulations, computer-aided 
creativity tools and information 
systems), need for training 
concerning technology 


OPERATIONAL EXCELLENCE MEASURES 




Effectiveness 


Efficiency 


L 

Human 

resources 

measures: 


competencies and skills, education, 
operational expertise, customer and 
process awareness 




z 

Process 

measures: 


strategy alignment (links between 
operational performance and 
strategic competitive factors), and 
profitability 


operational input/output 
measurements such as 
productivity, volume, lead 
time, flexibility, amount of 
work-in-process, quality 


L 

Technology 

measures: 


selection of strategically right 
technologies and tools (process 
technology and IT) 


productivity of technology, 
costA)enefit measurements 
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CHANGE MANAGEMENT MEASURES 



CHANGE PROJECT 
MEASURES 



OPERATIONAL EXCELLENCE 
MEASURES 



Human measures 




Steps In the 
change 
management 
process 



Orientation 



Simula ton 
games 



Technology 




EFFECTIVENESS 

EFFICIENCY 



Debriefings 



PJannirg 

Implementation 



Human measures 

EFFECTIVENESS 
EFFICIENCY 




Process 




Technology 



EFFECTIVENESS 

EFFICIENCY 

EFFECTIVENESS 

EFFICIENCY 



Figure 1 . Framework for measuring change management in the 
manufacturing environment when applying simulation as a developmental 

tool. 



4. TAILORED SIMULATION GAMING AS A 
BALANCED CHANGE MANAGEMENT 
METHOD 

Simulation gaming can be thought as a tool for balanced change 
management in accordance with the developed measurement framework. 
Simulation game project is a holistic approach when modelling and 
developing work systems including at its best all the three central aspects of 
reality: human resources, processes and technology. In addition games can 
be applied in all three phases of development: understanding present system, 
prototyping new system and training to operate new system (Riis et al 1996 
[12] ). The difference between a simulation game and a computer simulation 
method is that in a game, there is always an active group of people. For 
computer simulations this is not necessary, as the simulation software 
specialist designs the model after the data collection phase and runs the 
model with different parameters. The outputs of different runs are then 
discussed and compared in broader computer simulation seminars. 
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In particular simulation gaming facilitates empowerment and learning 
during the change project. When participation, a common understanding, 
motivation and commitment in change is created, more viable ideas are 
developed and finally organization is able to implement planned changes in 
reality, c.f. Riis et al 1996 [12], Moss Kanter 1983 [13], Smeds 1997 [2], 
From organizational learning point of view gaming supports both single and 
double loop learning depending on development targets. In single loop 
learning new knowledge is applied to improve the quality and efficiency of 
existing operations while double loop learning leads to new practices and 
innovation in organization (Argyris and Schon 1978 [14]). Senge (1990) [15] 
uses terms adaptive and generative learning for single and double loop 
learning respectively. According to Nonaka and Takeuchi 1995 [17, p. 46] 
the capacity of double loop learning is build into a knowledge creating 
company. They argue that organizational learning develops in a dynamic 
knowledge conversion process between the individual and the organization, 
and between tacit and explicit knowledge. Simulation games support all 
steps in the knowledge conversion process where tacit knowledge is 
involved, c.f. Riis et al (1996) and Smeds (1997): 

• Socialization: the individual, tacit knowledge is shared through 
the joint game experience; 

• Extemalization: tacit knowledge is made explicit through 
conceptualization and dialoque in the game and in the 
debriefings; 

• Combination: different bodies of explicit knowledge is combined 
into a new design in debriefings or design teams as a simulation 
game after effect rather than during the actual game; 

• Intemalization: alternative designs are experimented in games; 
learning by doing and adopting the new way of working, 
conversing explicit knowledge back to tacit individual 
knowledge. 



5. APPLYING THE SIMULATION GAME BASED 
CHANGE MANAGEMENT METHODOLOGY 

The change management method, i.e. the change process in all three 
cases, and checking points for change management measures are presented 
in Figure 2. The method is especially well suited to the improvement of 
production management and the enhancement of process knowledge. In 
addition, possible. 

In Step 1, the process to be developed is selected, and both development 
objectives and change management measures are set. 
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step 2 

Step 1 ColJect real 

Select pr^xiess manufacturing process^i 
set objectives data, information to 
project persorvnel 



Step 3.1 
Build the 
model of the real 
process 



Step 3^2 
^ Run the 
model by playing 
and/or by compute ■ 




Figure 2. Change process and example checkpoints for change management 

measures. 



After the data collection on actions, customers, products, cycle times and 
resources in Step Two, it is possible to build a simulation model of the real 
manufacturing process in Step 3.1, and print the playing cards for the 
simulation game. Step 3.2. The cards represent real actions, resources and 
cycle times for actual products, orders and customers. Furthermore, a play- 
watch is programmed so that it can be simulated during one day, several 
days, weeks or even months, hi addition, there is a time capacity sheet in 
front of every player. When a player gets the card he or she fills in the 
starting and closing time of each action, and writes the respective cycle time 
on the capacity sheet. When the capacity is full, the card cannot be 
forwarded, and neither new cards nor tasks can be taken by the player. In 
Step 3.3 the simulation model is validated and if the model reflects reality 
well enough, the project proceeds into the generation of development ideas. 
In Step 5 development ideas are tested and if objectives are satisfactorily met 
implementation planning takes place in Step 6. Implementation in reality is 
in Step 7 and follow-up in Step 8. 



6. EMPIRICAL ACTION RESEARCH IN CHANGE 
MANAGEMENT 

Three empirical action research studies in change management were 
carried out in three Fiimish case study companies (D, E and F) from June 
1997-March 1998. In case companies D and F, simulation games were used 
as development tools, whereas in case E only computer simulation was used. 
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The Steps of the change project in all three case studies are described in 
Figure 2. However, the change management measures described in this 
paper were not available during the projects but later on for evaluation. The 
first author worked in the projects as a research consultant working together 
with the project personnel of the case study enterprises. From a practical 
point of view he worked as a change agent by introducing the method, i.e., 
steps one through eight in Figure 2. 

It is noteworthy that the manufacturing processes under change and 
having change objectives in all three case projects D, E, F were 
approximately the same size. In particular, a common factor was the need for 
change from the push type production control to the pull principle. In 
addition, the common objectives in each case were as follows: 1) to cut 
manufacturing throughput times by 20-40 % depending on products in Case 
F and by 50 % in cases D and E; (2) to halve the WIP inventory; (3) to 
identify bottlenecks in production, and (4) to commit the employees to the 
project. 

Case Enterprise D provides manufacturing services for the electronics 
industry. The total number of personnel was 220 when the project started 
June 18, 1997. The project started with a delay, on September 3, 1997, due 
to a lack of time and resources for data collection and for the preliminary 
preparation in the company. Because the project was lagging behind in its 
original timetable, we proceeded directly to the improvement idea generation 
phase rather than an exhaustive modelling of present operations. The 
development ideas pull-type production control and cellular manufacturing 
were thought to be the keys to facilitate production control, improve 
teamwork, speed up manufacturing throughput time and decrease Wff. First 
two simulation game days arranged in October 2 and 3, 1997. The last two 
debriefing and discussion meetings were held after the simulations on 
November 10 and 20, 1997, when the project was lagging 51 days from the 
original plan. The total mount of used managerial and blue collar man hours 
in the simulation project was 435. 

Case Enterprise E is also a supplier in the electronics industry, but the 
products are mainly made of sheet metal. The company had about 140 
employees when the project started in August 20, 1997. The project ended 
November 6, 1997 when project was lagging 13 days. The total mount of 
invested man hours was 139. From the practical point of view the project 
proceeded according to plan with one exception. Because of the other duties 
of the project champion, the data collection task had to be restricted to 
certain product groups. During the idea generation and development 
meeting, it was decided to simulate how pull control would work in a 
specific product group cell layout, and to compare the new control principle 
to the present one in computer simulation seminars. 
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A group of managers joined the computer simulation seminars. There 
was no blue collar employee participation in the project and no participative 
simulation game. After the second simulation seminar the new layout and 
production control method were accepted by the participants. 

Case Enterprise F is an engineering workshop. The amount of personnel 
was 240 when project started in November 1997. After the project started, it 
was soon found that the Project Champion and other employees were 
overloaded by the implementation task of a new enterprise resource planning 
system and both data collection and modelling work were delayed. For this 
reason, the first simulation game seminar was used for model building and 
for collecting manufacturing data. The second simulation game seminar then 
showed the problems of the present manufacturing system. The biggest 
problem was in synchronization, i.e. different manufacturing functions were 
manufacturing the parts punctually but for different end products. The new 
pull production control principle was tested in the simulation game seminar 
on 12 March, 1998. The implementation of improvements was set to start in 
September 1998. Total amount of invested managerial and blue collar 
employee hours for the project was 280. 



7. TESTING THE CHANGE MANAGEMENT 
MEASUREMENT FRAMEWORK 

The change management framework was tested through a questionnaire 
survey. The respondents were project personnel. Project Champion and 
Project Manager in each case company D, E and F. The survey was 
conducted after the plaimed implementation phase, i.e. after Step 7 in Figure 
2. The survey results are summarized in the comparative radar in Figure 3 as 
a relative comparison between the cases. Figure 3 shows that Case D had the 
best overall change management performance while Case E was the second 
best and Case F came third. Same order can be found also in realized 
improvements of operational excellence in both 6 and 12 months after the 
second simulation round. 
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Operational 
Excellence: 7-12 



Efficiency 
Technology 12 

Effectiveness 11 



Efficiency 10 
Process 
Effectiveness 9 



Efficiency 8 

Human resources 

Effectiveness 7 



Case 



D 



Case 



A 



Case 



Figure 3. Comparative values of change management measurements in cases 

D, E and F. 



8. CONCLUSIONS 

The developed change measurement framework together with tailored 
simulation gaming forms a holistic and balanced approach for change 
management. The approach utilizes measures for three central aspects of 
reality under change - human resources, processes and technology - and 
differentiates both strategic effectiveness and internal efficiency within each 
aspect. 

The first analyses of the three case studies indicate that the measurement 
framework (Figure 1) for the assessment of change management in context 
of simulation gaming explains differences between successfiil and less 
successful change projects in manufacturing processes. In particular, good 
values in change project measurements correlate to the speed of improve- 
ment in reality. The sequence of cases D, E and F along both the change 
project management and operational excellence measures in Figure 3 is 
almost the same. The notable exceptions are: 

• human resource efficiency of change projects between cases E and F, 
and 

• process efficiency of change projects between cases D and E. 
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These two exceptions show that it is important to concentrate on what is 
strategically essential and only then concentrate on internal efficiency. 

Human resource efficiency of change project in Case F has higher value 
than Case E. Case E is better in HR effectiveness. This means that human 
resources are used strategically better in Case E than in Case F while HR 
internal performance, i.e. blue collar involvement, is higher in Case F. The 
problem in Case F was the time usage in a non-strategical way from human 
resource point of view. The same phenomen can be detected when 
comparing strategic effectivess and internal efficiency of change processes 
between cases D and E. In Case E, the problem in change process 
effectiveness was the poor determination of resources in the beginning, 
which induced that manufacturing of a certain product group only could be 
simulated. Furthermore, there were no blue collar involvement in Case E 
because of computer simulation. The process efficiency measure detected 
the achievement of objectives compared to the plan and Case E was lagging 
only 13 days while Case D lagged 51 days. 

We applied tailored simulations in the change management process as 
shown in Figure 2. However, we believe that the measurement fi'amework is 
generic enough to be applied in change processes as well as when using 
other approaches, e.g. such as those used by Davenport [6], Harrington [7] 
and, Kotter [10]. By applying the measurement framework in practice, 
organizations can continuously improve their change management 
capabilities. More empirical research is needed to further test and develop 
the framework. 
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Abstract: The Centre for Industrial Management at K.U.Leuven introduced management 

simulation gaming as a teaching tool in the early seventies. Nowadays 
different types of games are used both for postgraduate education (in the 
Master of Industrial Management program) and in the undergraduate 
engineering curriculum. This paper reviews this experience and draws some 
conclusions. Our experience shows the necessity of simulation games in the 
educational proces, especially in management education. However, choosing 
a particular game implies constraints in contents, operating procedures, 
learning effects, etc.. That is why we have learned to distinguish between eye- 
openers, hands on, single and multidisciplinary games which integrate 
different business disciplines. It should be said however that introducing and 
maintaining a battery of business games covering different educational 
objectives is a heavy burden, particularly with respect to manpower. 
Teamleaders with some business experience have our preference. 
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1. INTRODUCTION 

In this paper we present the conclusions of 25 years of experience with 
business games in the Industrial Management program at K.U.Leuven. This 
is a postgraduate program in management designed for (graduated) 
engineers. The one-year study program tries to establish a good balance 
between theory (ex cathedra courses) and practice (seminars, case studies, 
guest speakers, a thesis in industry and business games). During the past 25 
years several games have been tested and, if interesting, have been 
introduced. Sometimes the games have been modified to better meet the 
specific needs of the program. 

Games were and still are used for different purposes: e.g. a two-day game 
in which concepts from different courses are integrated, a smaller concept- 
illustrating game, a game just meant as an eye-opener, ... This will be 
explained into more detail below. 



2. AN INTEGRATED GAME 

Right from the start of the program in Industrial Management (it was 
founded in 1962) it was felt that theoretical courses should be complemented 
with practical experiences. For the latter different alternatives were 
introduced. First of all there were the traditional seminars with exercises on 
the theory. Further guest speakers from manufacturing and service industry 
were regularly invited. Another important addition was the thesis, which 
consisted (and still consists) of a real-life project in industry, to be solved by 
a team of two students. It was felt that still some more "practice" was 
needed and therefore business games have been introduced. At that time this 
was a rather new didactic concept in our engineering faculty. 

The first business game used was a business war game from IBM. 
Different teams of students played the game, each team representing a 
company. The game integrated different management issues: procurement 
of raw materials, production planning, inventory management, marketing, 
price setting, investment decisions, financial reporting. . . 

The game organization was as follows: weekly each team turned in its 
decisions for the next planning period, these data were fed into the computer 
(using punch cards and an IBM 1620 mainframe), results were handed back 
to the teams and the next game period was played the next week. In total, 10 
to 12 periods were played (a semester). 

Although the game, because of its integrated character, was very 
interesting, some major drawbacks were experienced. The batch procedure 
required a considerable time investment fi'om the game leader: going to the 




Choosing Appropriate Simulation Games in Industrial Engineering 



79 



university computer centre, punching the cards, checking for errors, 
submitting the job to the mainframe and waiting for the results. Possibly a 
more important drawback was the fact that the game often suffered from the 
difference in effort put into the game by the teams. Some teams had a 
weekly meeting to develop their strategy and based their decisions on a 
careful analysis of all data available, others only took a few minutes to fill 
out the required forms without caring too much about the desirability of their 
decisions. In the oligopolitic market situation, with 4 to 6 teams, this often 
lead to strange developments. Moreover the game leader felt that the game 
would not only benefit from a more equal effort by the teams, but also by 
some time pressure to make the decisions. This time pressure would force 
the teams to be better organised and would require a more structured 
analysis of the data available. 

End of the seventies, we learned about the Eindhoven Shoe Game. The 
game was very similar as ours, but it was organised in a different way. The 
teams were playing about the same number of periods but now the whole 
game was concentrated on 2 or 3 days. This added the time pressure 
dimensions and ensured a similar effort by all teams. Another important 
observation was that the game was also very interesting from the point of 
view of team work and work organization. Some students, with soimd 
theoretical knowledge, performed poor in the business game because of their 
lack of communication skills. The game also proved to be very rewarding 
for those who carefully planned and divided the work. If not, things would 
very quickly grow into a chaotic situation, with everybody working on 
ever 3 dhing and nothing being done properly. While students expect the 
game to be demanding on their plaiming skills, this communication- 
organization part is very often underestimated. 

A drawback of this new formula however was the rather intensive game 
supervision; a team leader for each team plus a central game coordinator. 
The team leader coaches his team (without telling too much...) and is 
responsible for the communication with the central coordinator. The latter 
made all necessary computations (e.g. sales per team based on marketing 
efforts), which was quite a burden. 

An improvement in this respect was the computerization of the central 
game co-ordination, which was programmed on a HP85. Later on, and in 
co-operation with the Technical University Eindhoven, we improved the 
financial reporting part of the game. Still later, in 1982, the game was 
converted to a Turbo Pascal program running on a PC. Spreadsheets, first in 
Lotus 123, later on in Microsoft Excel, were developed for the students in 
order to help them with the routine work in the financial reporting, so that 
they could focus more on strategic issues. We observed however that for 
many teams this computer support was the start of developing other 
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spreadsheets for analysis and decision support during the game. Often 
however, these spreadsheets were not carefully constructed and they led to a 
lot of new problems, which again divert the attention from the real game 
issues. 

Students are motivated and enthusiastic to play and to “win”. But it is 
not always clear what winning means: is it expressed in terms of market 
share, profit, assets,. . .? 

We believe the traditional final feedback and evaluation session is an 
essential component of the overall learning process. During this meeting the 
different teams explain shortly the strategy of their company and they 
evaluate why their objectives have been attained or not. 

All teams get feedback in their decision and their company’s 
performance, and an overall analysis of the market with all competing firms 
is presented. 

The feedback sessions develop a feel for a set of general business basics, 

e.g. 

• winning the game depends also on the objectives 

• your performance depends also on the competitions behaviour 

• different organisations may lead to similar results 

• etc. etc. 

We still consider this game as a very good one, because of the integration 
of elements from different courses (production planning - investments - 
financial reporting - marketing - ...). Students without working experience 
tend to find it hard to discover these links by just "studying the theory". 
Another strong point of this game is its reliance on commimication skills and 
organizational choices, also aspects that are very important for the future 
career of our students. 

The evolution from fully manual, over fully computerized, to partially 
computerized is also worth mentioning. Special attention should be paid to 
the fact that providing students with spreadsheets is not always beneficial for 
the game. This insight is particular useful for the students who tend to rely 
sometimes too much on the PC. 

For the last years’ mechanical engineering students we play a similar 
game, the Washing Machine Game, also developed at the Technical 
University Eindhoven. This game is similar to the previous one, but more 
focussed on production decisions e.g. scheduling and less extensive in 
financial reporting. Here also the game is considered to be an important 
asset in the educational process. 
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3. A CONCEPT TEACHING GAME 

In the early 80 ’s, we also started (as everybody else) teaching the then 
new Japanese operations management techniques (such as JIT, TPM,...)- 
We felt there was a need to give our students hands-on experience in some 
of these techniques. We bought from Philips the so-called JIT-game, using 
Lego and Duplo blocks. This well-known game allows to progressively 
teach concepts like impact of layout, WIP, reorder points, order qixantities, 
order penetration point, quality, set-up times, added value profile, 
engineering changes, the use of kanbans,... This can be accomplished 
through production (and logistic) simulations with the Lego and Duplo 
blocks. 

The game, although much appreciated by the students, has some 
drawbacks. First of all, the game calls for a trained and experienced 
coordinator in order to cope with the interactive progress (“what 
improvements for this production situations would you suggest?”) and to 
deal with the surprises this way of working often brings. Moreover, the 
game material (number of blocks of each type, work instructions, kanbans, 
. . .) not always permits to try out the suggested improvements or to carry out 
improvements that were either not standard in the game or are too time 
consuming to organise. Another drawback is the fact that only about 10 
students can play at the time. This of course causes some problems in terms 
of manpower and scheduling if the group of students is large. Because a 
game proved to be a far more effective didactical tool than an ex cathedra 
class, we went to look for some alternatives. The results of this search are 
summarized in Table 1. 

The traditional ex cathedra teaching has in this context the smallest 
impact on students. The film scores slightly better with this respect, 
especially with students with some industrial experience (they easily 
recognize the real-life aspects). A major drawback here of course is the fact 
that no interaction in terms of suggestions and experiences is possible. A 
classroom discussion afterwards may be used to remediate this drawback. 
While for watching the film the group of students may of course be very 
large, a profound discussion again calls for a rather small group. 

A very interesting alternative, both in terms of learning power and 
manpower investment, is the tabletop JIT game. Here the products are 
sheets of papers on which computations (mental, with pen and paper, with 
calculator) are to be made. The game provides almost the same learning 
experience as the Lego-Duplo version, while asking far less preparation time 
and allowing much easier for try-outs of student's suggestions. 
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Table 1: Alternative JIT-teaching schemes 



Alternative 


description 


learning 

power 


teaching 

input 


Classroom 


traditional ex cathedra teaching 


♦ 


* 


film (HP) or show 


film in which a Philips-like 
simulation game is shown 




(*) 


table top game 


on-paper version of the Philips 
game 




♦ ♦♦ 


Philips game 


Lego/Duplo game 




He*** 



It does however not offer the same opportunities concerning e.g. added 
value profiles and cost structure. A special didactical feature here as well as 
with the Lego-Duplo version is the "natural" discussion on which criteria are 
relevant (e.g. WIP, throughput time, quality,...) and on how to measure 
them. 

The Lego-Duplo blocks of the Philips game are also used in a seminar on 
buffer size and location in a transfer line. Here the visual effect of the wrong 
choices is made very apparent with these blocks. 



4. AN EYE-OPENER GAME 

During a joint research program with the University of Cardiff, we had 
the occasion to experiment with the Beer Game, one of the oldest simulation 
games (developed in the US). We decided to introduce this game as a 
vehicle to give the students - before any teaching in this domain - a feel for 
the bullwhip effect. The recent interest for supply chain management was 
certainly a stimulus into that direction. The Beer Game is an excellent tool 
to illustrate the amplified order and inventory variability in a logistic chain. 
We are currently looking into the possibility to offer this game as a PC-game 
to the students as part of a self-study package. 
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5. OTHER GAMES 



5.1 Commercially available games 

Management needs are evolving on time, therefor an Industrial 
Management program should try to respond to the changing needs. That 
means, among others, investigating new potential games for the curriculum. 
Over the years we tested quite a few games. Some were used for a while, 
e.g. a TOC game on PC, and others have never been scheduled for a variety 
of reasons: too easy, too specific, unclear instructions, requiring too much 
manpower, etc. 

Besides the production-logistic games described above, there is currently 
a socio-psychological game, in which students play roles of stake-holding 
groups in a town (environmentalist, industry, town council,...). These 
groups have to decide on what to do with a limited budget. Focus is here on 
commimication and negotiation skills. 

Currently, we are studying a few alternatives in the area of project 
management. 

Besides the traditional scheduling aspect, managerial aspects should also 
be included. 

5.2 Game development 

Recently, we also made some preliminary contacts with the department 
of Traffic and Infrastructure of our University for the joint development of a 
mobility game. 

If we view the transportation process from a logistic point of view we can 
distinguish several components with many interdependencies. This requires 
a high degree of co-operation, organization and mutual adjustment. Several 
interest groups play their part in the organization of this process such as 
carriers, shippers, customers, operators of the network, governmental 
agencies, trade branch organizations and others. The ultimate quality of the 
offered service strongly depends on the organization and co-ordination of the 
different activities. All the actors involved have their own responsibilities. 
A sound co-operation between the parties is an essential condition. 
Proposals to improve the process necessitate intensive consultations and an 
understanding of the other parties’ motives. Innovation in logistics mostly 
adds up to an improvement in the processes employed rather than in the 
mechanical contents. The challenge here is to develop a game in which the 
different actors or stakeholders who bear responsibility in the real system are 
actively involved in a simulation using a set of agreed upon rules. 
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The game will be used for several purposes: 

• using game simulations to improve communication 

• using game simulation to improve the efficiency of the decision 
process 

• using game simulation to test for the robustness of an approach 

• using game simulation to try out new approaches 

It would appear that game simulation is an ideal tool to use in the 
intricate and multi-fimctional world of logistics. 



6. CONCLUSIONS 

Our experience shows the usefulness, even the necessity, of simulation 
games in the educational process of a management program. However, 
choosing a particular game implies constraints in contents, operating 
procedures, learning effects, etc... That is why we have learned to 
distinguish between eye-openers, hands on, single and multidisciplinary 
games, which integrate different business disciplines. It should be said 
however that introducing and maintaining a battery of business games 
covering different educational objectives is a heavy burden, particularly with 
respect to manpower. 

However, we are convinced - and this is confirmed by the feedback of 
students and ex-students - that simulation games are indispensable tools in 
management education. 



7. REFERENCES 

Pintelon L., Gelders L., and Van der Heyde C. (1997) “Structured Field Research for Master’s 
Theses”, European Journal of Engineering Education, vol.22, n°4, 1997, pp 435-444. 
Elgood C. (1984) Handbook of Management Games, Gower Press, London, 1984. 



8. BIOGRAPHY 

Ludo Gelders 

Prof Ludo F. Gelders holds degrees in electromechanical engineering 
(University of Ghent) and industrial management (Universite Catholique de 
Louvain). After work experience as an industrial engineer in jet-engine 
manufacturing, he studied at the MIT-Sloan School (USA) and got his 
doctoral degree in industrial management at K.U.Leuven. 




Choosing Appropriate Simulation Games in Industrial Engineering 85 



Currently he is full professor at the Centre for Industrial Management at 
Katholieke Universiteit Leuven (Belgium). He served as chairman of the 
department of Mechanical Engineering and as chairman of the Centre for 
Industrial Management, both at K.U.Leuven. He published over 100 articles 
on logistics, maintenance, quality and production and holds editorial 
responsibilities in several international journals. He is a director of the 
Dutch Research School on Operations Management BETA. He is a former 
president of the Royal Flemish Engineering Society (KVIV) and currently 
serves as vice president of the Belgian Academy Council for Applied 
Sciences. 

He was a consultant to several international corporations. 

Liliane Pintelon 

Liliane M.-Y. A. Pintelon holds degrees in Chemical Engineering (1983) 
and Industrial Management (1984) of the KULeuven (Catholic University of 
Leuven, Belgium). In 1988-1989 she worked as a visiting research associate 
at the W. Simon Graduate Business School (University of Rochester, USA). 
She obtained her doctoral degree in industrial management (maintenance 
management) from the KULeuven in 1990. Currently, she is associate 
professor at the Centre for Industrial Management (KULeuven). 

Her research and teaching area is industrial engineering, with a focus on 
maintenance management. She also has a considerable experience as an 
industrial consultant in this area. 




Optimisation and Redesign of a Bicycle Production 

An interactive planning game for team oriented education and 
self-training 



Gert Ziilch, Thomas Bogus and Uwe Jonsson 

IFAB Lehrstuhl und Institut fur Arbeitswissenschaft und Betriebsorganisation-Universitdt 
Karlsruhe, Altes machinenbauge bdude 



E-mail: gert.zuelch@mach. uni-karlsruhe. de, thomas. bogus@mach. uni-karlsruhe. de 



Key words: modeling and simulation; project, logistics and production management; 

integrated planning game; team-oriented education; self-training 

Abstract: During a project in the frame of the European Leonardo-da-Vinci-Programme 

five simulation games have been developed in order to engage awareness of 
the participants for problems in real production processes. The games focus on 
different areas of the production environment and are based on a common 
scenario: the optimisation and redesign of a bicycle production. The simulation 
games have been played by both industrial managers and students and could 
succeed in team oriented education. Additionally, the completion of a book 
describing the games and including software versions of the used simulation 
tools enables self-training in the field of production management. In this paper 
the common scenario of the simulation games will be presented. Two selected 
simulation games will be arranged according to a game classification scheme 
in order to characterize the games. The advantages and disadvantages of the 
two different kinds of learning methods - self-training and team oriented 
education - are also shown with the help of the classification scheme. 



1. THE CAESAR PROJECT 

The CAESAR project (Computer Aided Education with a Simulation 
Approach for the Redesign of Production Processes) was financed through 
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the Leonardo-da-Vinci-Programme of the European Community between 
December 1995 and May 1998. The objective of the CAESAR project was 
the development and dissemination of simulation games for a continuing 
vocational training in cooperation with universities and industrial partners. 
Learning by doing, practising in teamwork and using simulation techniques 
are the main characteristics of the developed simulation games. This special 
form of education using computer simulation supported planning games 
gives the participants the opportunity to improve their abilities and core 
skills in production management. The simulation games contain aspects of 
modem computer aided planning and optimisation techniques. As a special 
feature, simulation as a newcoming tool for prospective evaluation of 
planning ideas is used by the participants. By this, the resentments 
concerning this technique can possibly be reduced (cf BRINKMEIER, 
STRATE 1998, S. 106). Furthermore, the simulation games also use other 
common computer aided techniques, e.g. spreadsheet calculation and project 
management software. 

As a result of the project five different simulation games have been 
developed with regard to industrial demands. The first game PROSIGA 
(Proj ect Simulation Game), developed at the Department of Design and 
Manufacturing Engineering of the University of Zaragoza (Spain) concerns 
major aspects of project management. At the ifab-Institute of Human and 
Industrial Engineering of the University of Karlsruhe (Germany) the 
Megrated Simulation Game for a Comprehensive Redesign of Production 
Systems (INSIGHTS) has been developed, including a production planning 
and control module, a production controlling module and an operations re- 
structuring module. Concluding, the DIC_XIM game (Distribution Channels 
Expert Simulation), developed at the Department of Industrial Management 
of the University of Ghent (Belgium) concerns the optimisation of 
distribution and logistic chains. 

As a special product, a manual book is currently being developed 
(MULLER, CANO, ZULCH 1999). This book will contain the needed 
information about the games (theory review, description and a simplified 
software version) to enable interested readers to train themselves in the field 
of production management. In the following reading the book and using the 
software will be called as self-training game. 



2. THE COMMON SCENARIO OF THE PLANNING 
GAMES 

For the seminars and the book being published, a common scenario has 
been developed wherein the different simulation games have been integrated 
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(cf. Fig. 1). This integration should simplify the understanding of 
participants for relations between the different aspects of production 
processes. The scenario consist of a virtual bicycle company with 
headquarters in Brussels facing a rough time. In the initial situation many 
customers of the company refrain from buying their products and wander off 
to other competitors. The quality of the products is poor and due dates 
merely exist on paper. Unlike its competitors, which also produce other 
sportsgear, the company’s product range is very limited, as only three types 
of bicycles are manufactured. 

The holding company has four production plants within the European 
Union. From inside these plants complaints about scheduling problems, 
expensive warehousing and distribution are reported (of course the number 
of plants will be adapted in a seminar to the number of groups participating 
in a seminar). As a consequence management is thinking aloud about 
outsourcing and moving the production abroad. Additionally, the holding 
company in Brussels threatens to close down one of the four plants after an 
upcoming performance review. 




Figure 1 : Common scenario of the planning games 

These problems lead to the introduction of the production planning and 
control module INSIGHTS-PPC (Production Planning and Control; cf. 
chapter 3.1). Each group of participants is responsible for one of the four 
production plants. At the end of the PPC-module, a comparison of 
performance criteria leads to the shutdown of the worst performing plant. As 
a fundamental need, the evalixation of performance of the production systems 
should be improved at the different plants to ensure a better identification of 
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the potentialities for improvement. These issues will be adressed in the 
production controlling module INSIGHTS-POC (Production Operations 
Controlling; cf. chapter 3.2). 

The distribution optimisation using the module DIC XIM should be 
thereafter the next topic due to the shutdown of the worst performing plant 
and as a consequence of the changes in the distribution channnels (cf. 
chapter 3.3). The holding company is eager to obtain an adequate solution 
for their logistic chain. The solution developed at a pilot plant shall be 
implemented afterwards into all other production plants. For this purpose, 
several groups - representing the pilot plant - work simultaneously at this 
problem, but only one solution shall be implemented. 

The holding company decides in afterward, that a new model is necessary 
to open up East-European markets. Production of this new model will be 
moved abroad to an East-European country and a project team is assigned to 
investigate this venture. In the project management simulation module 
PROSIGA this new factory is plaimed and the resulting plan executed in the 
following (cf chapter 3.4). Groups work simultaneously on different 
instances of the same model just as in the distribution and logistics part of 
the seminar. 

The previously completed re-engineering of distribution channels has 
opened the field for the last module of operations re-structuring INSIGHTS- 
ORS (Operations Re-Structuring; cf chapter 3.5). The optimised distribution 
channel reveals some structural problems within the production plant. 
Therefore, redesign of the work structure becomes necessary considering not 
only economical or technical aspects but also human issues. Again, one plant 
is used as an example with all groups working for, but following different 
production principles, such as segmentation according to products or group 
work. 

At the end of the seminars the competitiveness of the bicycle company 
should have been improved in a way that the company is able to survive and 
flourish in the international arena. In the following a closer look on the 
above mentioned simulation games will be presented. 



3. THE SIMULATION GAMES 
3.1 INSIGHTS-PPC 



The INSIGHTS-PPC game confronts the participants with the main 
production planning and control problems that can occur in real production 
systems. The performance of the bicycle production locations should be 
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adjusted to suit the market requirements (cf. Fig. 2). The criteria to be taken 
into consideration are: service ability, capacity utilization, average stock and 
inventory values, the costs of production and the profit made. The 
participants start the game by choosing a prime strategy such as the 
realization of a high utilization. As a derivation they work out a planning 
procedure under the use of given information such as the list of parts, 
process plans, precedence diagrammes, process and set-up times for all 



Capacity planning 




Figure 2: Production planning and control with INSIGHTS-PPC (following 
ZULCH, BRINKMEIER, JONSSON 1998, p. 27) 

With respect to this information and the market requirements they make 
decisions for each planning period, covering a time span of a week, on the 
purchase orders (quantity, order day), the production orders (quantity, batch 
size, release day), and the needed production capacity (additional shifts, 
overtime). After the modeling and simulation of the so planned production 
period with the help of the simulation tool FEMOS (cf. ZULCH, GROBEL 
1996) the goal achievements can be checked. Using the deficiencies of the 
achieved results and the new market demands as a basis, the planning 
procedure for the next period can be started. 





92 



Gert ZUlch, Thomas Bogus and Uwe Jonsson 



3.2 INSIGHTS-POC 

Performance evaluation of the production system is a topic of growing 
importance for every company and hereby especially the ability to identify 
potentialities of improvement. The focus of the INSIGHTS-POC module is 
not merely on the monetary evaluation although process cost data are also 
part of the analysis. Especially logistics- and process-oriented measurement 
is taken into consideration. The planning game is divided into a static and a 
dynamic part (cf. ZULCH, JONSSON, RINN 1997, pp. 1 10). The static part 
deals with the controlling of product structures, process chains, departmental 
structures and order programmes. With the help of the simulation tool 
FEMOS the participants learn to analyse the dynamic system behaviour by 
monitoring e.g. Ghantt-charts or waiting queues during the simulation run. 
Afterwards the simulation results such as the utilization of personnel can be 
analysed by the participants. The INSIGHTS-POC game represents the 
logical link between the production planning and control part, where the 
basic structure remains untouched and the work restructuring part, where 
layout and production principles may be altered and different work 
structures can be compared (ch. chapter 3.5). 

3.3 DIC_XIM 

With the educational support of the simulation game DIC XIM several 
problem solving techniques for inventory and distribution management are 
introduced. The seminar is built aroung a simulation model of a physical 
distribution system in order to give the participants the opportunity to gain 
artificial experience in efficient management of external distribution 
systems. The most important and challenging issues that are adressed in the 
seminar are; 

• Design of physical distribution systems 

• Inventory management and optimisation 

• Transportation management and optimisation 

• hitegrated supply chain management 

The first step of the game is the definition of objectives and performance 
criteria for the distribution system. After having designed the general system 
structure, an optimisation of the entitities must follow. The last step is the 
optimisation of the operational policy that controls the system. The 
simulation tool DIC_XIM has been designed to provide insight in the 
different aspects of the physical distribution management. It simulates a 
three level distribution chain consisting of one factory warehouse, one 
national import house and three wholesalers. The game is played over a 
limited number of periods and at each period, the decision maker (or group 
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of participants) has to make decision on the amoimt of goods to be shipped 
from one node in the chain to another in order to optimize either profit, cost, 
client satisfaction levels or other demands. Additional constraints that are to 
be taken into account are e.g. the limited availability of trucks on the 
transportation links or the limited inventory capacities of warehouses. 
Further information concerning the DIC_XIM game can be found in 
VANMAELE and MULLER (1998, pp. 261-266). 

3.4 PROSIGA 

The main objective of the project management simulation game 
PROSIGA is to train the participants in the field of project-oriented work and 
decision making. The participants of the game assume the role of a project 
manager, who finds him- or herself obliged to make a series of decisions to 
fullfil the given objectives of the project. Right from the beginning of the 
game, the participants have to work against time to resolve matters in which 
the solutions required affect the course of the project in different ways (cost 
control, time scheduling, group motivation, management support etc.). A 
realistic interactive environment has therefore been created in which 
management skills can be developed without a real risk of failure. 

The project management game is divided into two individual stages. The 
topic of PROSIGA / is the project planning. This involves the planning of all 
activities within the project: Determining the time schedule, the budget and 
the work loads of the involved staff. The participants learn how to handle the 
concepts of project scheduling by interacting in a practical manner. They go 
through the different learning levels which include e.g. how to prepare an 
initial draft of a master plan and later how to adjust it to time limits and how 
to weigh the different alternatives available. The main issue of PROSIGA II 
is the project evolution. The participants should learn to manage a project 
through a series of situations which arise during its winding-up. The purpose 
of this stage is to experience in decision making that will be required as the 
project progresses. Furthermore, the impacts should be observed, which 
these decisions will have on the project. For more informations about 
PROSIGA refer to CANO, SAENZ and SANZ (1998, pp.620-628). 

3.5 INSIGHTS-ORS 

The initial situation of the production in the planning module INSIGHTS- 
ORS demonstrates many problems such as too long lead times or too high 
stock keeping, so that the need for redesign becomes evident. In addition to 
the technical and economical point of view, human aspects have to be taken 
into consideration in order to design new work systems with a high 
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productivity and flexibility (cf. ZULCH, BRINKMEIER 1995, p. 92). This 
module aims especially on aspects of the relationship between abilities and 
assignments of personnel and fimctional requirements of production orders. 
In order to offer the participants the possibility to experience the effects of 
new forms of departmental structures, production principles - such as 
segmentation according to products or group work - and principles of work 
structuring (e.g. job enrichment, job enlargement, or job rotation) can be 
modeled and simulated. 

For the evaluation of the planning results in the before- and 
afterwardsituation, a simulation model depicting the starting situation and 
featuring its specific performance is compared to the model of the changed 
production. For this purpose, the participants alter the model by defining 
new work places or by introducing new operation structures, etc. With the 
help of several simulation runs using the simulation tool FEMOS it is 
possible to evaluate the dynamic characteristics of the planned solutions and 
to obtain a fast feedback of the effects of the chosen planning ideas. 



4. GAME CLASSIFICATION 

Hundreds of planning games have been designed to support education or 
continuing professional training (BREHLER 1998, p. 159). For a 
comparison of the various games, a basis is needed to enable the exchange of 
experiences and viewpoints. The identification of key dimensions and their 
associated characteristics assures that different games can be classified and 
compared. In order to point out the main differences between the team- 
oriented planning games and the intended self-training game, two main 
simulation modules developed at the ifab-Institute INSIGHTS-PPC and 
INSIGHTS-ORS are classified in a game classification scheme (cf. Fig. 3). 
This classification scheme is based on the dimensions of games introduced 
by RHS, JOHANSEN and MKKELSEN (1995, pp. 5). The two team- 
oriented games have the purpose to teach participants in different fields of 
the production area. One of the main differences between the two games is 
the higher effort of the INSIGHTS-ORS game, that leads as a consequence to 
a longer duration of the seminar. The extent to which rules and models can 
be changed also differs between the two modules. 

To show the differences between these modules and the intention and 
objectives of the self-training game, played by reading the book and using 
the simplified software-versions (cf. chapter 2), the differences have been 
marked in Figure 3 with grey boxes. 
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INSIGHTS-ORS INSIGHTS-PPC ■ Self-training gams 



Figure 3: Game classification scheme (following ZULCH, BRINKMEIER, 

HEEL 1996, S. 207) 

First to mention as difference between the team-oriented education 
games and the intended self-trainig game is the pedagogic purpose that 
enlarges from teaching to creation of awareness. With such a book, 
interested readers can be reached. As an effect, a reader may get interested in 
different aspects of the planning process he probably did not consider before. 
The teaching point is handled through a theoretical review for the specific 
topics needed for the simulation games. The reader is introduced to planning 
aspects and to descriptions for the use of the software tools. Following this 
point, the introduction time to the game will be longer than in the seminars 
due to the missing help of a moderator. 

Nevertheless the introduction time can be reconfigured individually. This 
is an advantage because the reader can go through the book in a way that 
accords to his level of knowledge. He can use his own timeplan, e.g. in his 
sparetime, and so learning will not disturb his daily work. The main 
disadvantage of this individuality is of course the lack of education in group 
dynamics. In the software versions reduced data are provided in order to 
decrease the complexity of the self-training games. Also an undesirable 
application of the simulation games - namely the realization of seminars can 














96 



Gert Ziilch, Thomas Bogus and Uwe Jonsson 



be excluded. Last to mention as an advantage is the advertising purpose of 
the book to gain new participants for seminars. 
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Abstract: The ongoing trend of globalisation and growing world-wide competition of 

European indus-tries have changed the qualification needs of engineers. 
Human competencies such as team-work, co-operation, customer orientation, 
and entrepreneurial thinking are gaining more and more in importance. 
However, traditional education and training concepts in universities and 
industries do not fulfil the new requirements. This paper gives a short 
overview on qualifica-tion demands for concurrent engineering (CE) and 
distributed co-operation. It introduces the concepts of two new approaches, to 
meet the new requirements on engineering education and training by 
application of simulation games. 



1. INTRODUCTION 

The European industry is forced to be more flexible in the choice of their 
production sites if they want be competitive in the world market. Many 
companies have already distributed their production of different sites all over 
the world or have developed a closer co-operation with other companies. 

In the engineering area, Concurrent Engineering (CE) was proven as an 
efficient approach to increase a company’s competitiveness. Many tools 
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support the implementation and operation of CE. Among the realisation of 
organisational changes, the uses of modem telecommunication technologies 
have been gaining in importance. Telecommimication and data exchange 
support the creation of distributed production systems and have an 
increasing importance for the daily work of the employees. 

Frequently, the companies and their employees have the necessary 
technical knowledge about CE, techniques and technologies for efficient 
working and co-operation in distributed production systems. Engineering 
courses for engineers and students are constantly extended by that 
knowledge and many books and articles have been written about these 
subjects, but there is little room in education and training to apply that 
knowledge for gaining experiences. Thus, engineers from students up to 
experienced employees have deficits in practical knowledge and no 
experiences in making good use of what they have learned. 

The adequate qualification has to be given by practice, and the training of 
the new techniques and actions in a practical manner with consideration of 
the modified working conditions. Thus, there is a strong need for new 
training and education approaches, enabling engineers to co-operate with CE 
principles in a global environment (Hirsch, Thoben, Hoheisel 1996). 

Addressing this need, the here suggested approaches are based on the 
idea to use simulation games for learning how to do CE, how to work in 
parallel and how to co-operate with others. The authors are currently 
following two complementary approaches of simulation games for group 
learning. The first approach uses a model company to provide a realistic 
environment, the other approach simulates the business environment by a 
computer simulation. 

The rationale to use games is to exploit the potential of gaming, i.e. to 
experience instead of just to perceive. People can be motivated by gaming 
more than by listening to presentations or similar training methods, and the 
learning result can be expected to be higher. Being attractive, novel, 
entertaining, and a kind of ‘adventure’, gaming makes curious and can be 
utilised to impart knowledge in an effective way. It can serve as a positive 
and productive diversion from daily routine work. In addition, the simulation 
can also serve to test and verify the learning results achieved. 

This paper describes the authors’ motivation, the initial concepts and first 
results of the simulation game approaches. The development is subject of 
two European research projects, partly funded by the European Commission 
(GLOTRAIN, Leonardo da Vinci project no. D/96/2/0788/PI/n.l.la/FPC 
and COSIGA - A Concurrent Engineering Simulation Game, Multimedia 
Task Force project no. MM1003). 
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2. EDUCATIONAL NEEDS 

Students entering a university engineering course usually have very little 
understanding of industrial and business practices. The university teachers, 
in a relatively short time, have to equip them with the required skills, 
engineering principles, techniques and practices and simultaneously 
maintain academic excellence. A brief survey of different engineering 
courses shows that a typical engineering course initially focuses on 
engineering principles, mathematics and computing. These disciplines are 
further developed in detail. In higher semesters, focus shifts to specific 
techniques and technologies like e.g. Rapid Prototyping, CAD/CAM or 
TQM. Group projects and exercises are normally used to illustrate the inter- 
relations between various tools and techniques. 

Similar situation applies to further education and vocational training, 
where fast and cost-effective courses address the imparting of facts and 
focussing on knowledge that is required for general tasks or to solve 
exemplary problems. Usually, the courses deal with new technologies, new 
techniques or aim human capabilities and management, but they miss to 
consider the overall engineering context. 

But engineers do not only need specialised knowledge, they need to 
know how to apply the knowledge and they need experiences on effects and 
interactions of their actions. The capability for a proper use of available 
knowledge requires qualifications, which are different from knowledge 
itself 

An essential qualification demand of employees is the capability for co- 
operation and teamwork. Since team members are physically separated in 
distributed manufacturing and due to frequently changing compositions of 
partnerships, the requirements are even harder. Furthermore close co- 
operation between different companies demand empathy and social 
competencies of the employees and within international partnerships 
intercultural competencies becomes more important. (Stifterverband 1993; 
BMBF 1996; VDI 1995; Windhoff, Hoheisel, Hirsch 98). 

Since the daily work within a distributed environment requires new 
approaches for thinking and acting in networks, the employees need to know 
how to use the technical equipment for the co-operation in networks, 
especially the handling and experienced use of modem co-operation tools. 

In summary a major requirement is that engineering students can 
experience working in a utmost realistic area. Effective education for future 
industries needs a leaming-by-doing approach characterised by moving from 
passive perception to active experience. However, there are not enough real 
life situations that can be used for education or training, since in many real 
life cases the occurrence of errors - which are natural in learning situations - 
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is not acceptable. Simulation games (Riis, 1995) using advanced information 
and commimication technology can be used as a substitute in order to meet 
this need. 



3. NEW APPROACHES FOR EDUCATION AND 
TRAINING 

Two new approaches, currently under development with participation of 
Universitat Bremen, aim to meet the new requirements on engineering 
education and training by application of simulation games. Both try to 
simulate a real working environment, where students and employees are 
urged to use tools and techniques and to experience co-operation and 
teamwork (sometimes at separate places) without being afraid of expensive 
mistakes. Simulations allow us to train and practice skills and knowledge 
without the risks or costs involved with real life situations. Since distributed 
work environments becomes more and more important, profitable use of 
modem information and communication technologies is largely included 
into the here presented simulations. 

The simulations will be implemented as games. Learners will play in 
groups to solve challenges in co-operation. On the one hand, it is fun to play 
games and it is always a strong interest to manage the challenge, especially 
when group dynamics come up, the ambition to reach the goal is sometimes 
more important than in real business. On the other hand the team idea is 
better known for games than for business. The approaches may help to 
transfer the team spirit of games into engineering. 

Both approaches are based on scenarios. Each player takes over a specific 
role in the simulated business environment and changes from a passive 
consumer of knowledge into an active member of a (simulated) company. 
For every role, the scenarios prescribe a starting point and a goal and hinder 
the process of problem solving by obstacles and contradictory individual 
goals. The player will learn in co-operation and self-directed by gathering 
and sharing experiences and practice. 

Both approaches make intensive use of computers. However, only the 
COSIGA approach is a computer based simulation game. The GLOTRAIN 
approach tries to simulate reality in a real environment. 
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4. THE GLOTRAIN APPROACH 



The Leonardo da Vinci project GLOTRAIN (“Training engineers for 
mastering new requirements in globally distributed manufacturing”) aims to 
develop, to apply and to evaluate qualification and training modules for 
engineering activities in distributed environments. Based on the approach of 
business games, the modules allow to experience and to practice distributed 
team-work by use of modem tools and methods for communication and 
production. 

Basis of the GLOTRAIN qualification modules is the almost real model 
of a distributed production environment, that allows to manufacture real 
products and that needs active work of learners in varying roles and 
situations. 

All modules make intensive use of commimication technologies and 
computers, adopted to the needs of distributed work. In detail, telephone, 
fax, e-mail, video-conferencing and application sharing have been used so 
far. Integrated CAD/CAM systems are used as well, but an adaptation to the 
needs of distributed work is still in process. 

There are three qualification modules with different targets under 
development so far (Figure 1). The first module, called “organisation and 
teamwork” illustrates the change of the model enterprise from a traditional, 
formalised and tayloristic company into a modem, process oriented 
company. Each learner takes over a certain role in the company, e.g. sales 
representative or manager. The “employees” try to process incoming orders, 
while changing the organisation of their company e.g. by introduction of 
group work. 





CUSTOMER FOCUS AMD CO- 
[ OPERATIVE PRODUCT DEVELOPMENT 




Figure 1. Qualification modules of GLOTRAIN 
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The second module is called “distributed co-operation”. Three groups of 
players in a remote set-up, each representing an independent company have 
to co-operate in three simultaneous game scenarios by using different 
information and communication technologies (Figure 2). The emphasis is on 
the application and comparison of adequate tools and techniques for 
commimication and their impact on team-work. Problems and structures of 
the game scenarios produce stress and ambition. The players get into a 
conflict between their individual goals, the team goals and a common goal of 
the three co-operating “companies”. 




Supplier 



Figure 2. The GLOTRAIN module "distributed co-operation" 

Unlike the previous two GLOTRAIN modules, the third module 
“customer focus and co-operative product development” is targets the 
product. Several groups of players have to develop and produce a product 
within a given specification. Time and resources to produce the products is 
very low. Especially machine-time has to be reserved well ahead of time and 
leads to competition between the groups. 

All three modules are based on each other and tell a coherent story of the 
model company. The degree of freedom and responsibility increases from 
module to module, to support eagerness and capability for self-directed and 
co-operative learning. 

Each of the three modules is divided into five phases and embeds the 
actual game module into a sequence of preparation, implementation and 
review (Figure 3). The training phases are: 





New Approaches for Training and Education of Engineers by ... 105 

- Learning of specialised knowledge 

Short lectures of specialised knowledge that is needed to understand the 
game module and to solve the concerning problem. 

- Preparation of the game 

Introduction of participants into the game. Explanation of rules, roles and 
goals of the game as well as learning goals of the module. 

- Implementation of the game 

Player become “employees” of the model company. Positive and negative 
impressions of the model company will be learned by experience. 

- Discussion 

The overall course and different stages of the game will be discussed 
together with all participants. 

- Presentation 

Individual presentation of results by each group, using various methods 
and tools for presentation. Assessment of results. 

The organisation of an educational approach like GLOTRAIN requires a 
great deal of preparation. The game is limited to groups from 10-20 
participants and takes 3-5 full days for playing all the three modules. 



Presentation 



Discussion 




Group B 




Figure 3. Phases of a GLOTRAIN module 
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5. THE COSIGA APPROACH 

The second approach is covered by the just started European research 
project COSIGA (“A Concurrent Engineering Simulation Game - Using 
Advanced Multimedia and Telecommunication for Education of European 
Engineering Students”) (Barson, Hoheisel, Kasvi, Pawar, Weber 97). 
COSIGA aims to be more flexible in time and group size than the 
GLOTRAIN approach. While GLOTRAIN considers general aspects of 
human requirements and experiences of engineers, the COSIGA focus is 
closer to experiences and human requirements for CE. 

The objective of the COSIGA project is to develop a multimedia 
simulation game for the education and training of European engineers and 
engineering students in CE with the purpose to promote parallel, foresighted 
and co-operative working in a distributed environment. The game can be 
played by individuals, using the computer as the gaming partner, or in a 
distributed group, using (e.g.) the Internet as a communication means. The 
users will interact in a product development scenario where they have to 
carry out specific tasks and will experience direct feedback as a results of 
their actions. 

The major learning goals that will be supported with the simulation game 
are: 

- to understand and to apply CE practises and principles 

- to identify and solve potential problems 

- to be able to communicate and collaborate within a CE group 

- to have knowledge of the most common tools 

In order to meet the game’s learning goals a major starting point of the 
development is the definition of CE principles and processes and especially 
the development of a corresponding simulation model. This model specifies 
the logical reactions of the simulation game to the actions of the user. 
Further, it defines the events and conflict situations with which the user will 
be confronted when playing the game. 

The simulation model defines the roles and actors in the game, simulated 
actors as well as roles of active players. It also defines the reproduction of 
the reality into game symbols that have to be transformed into computer 
representations. This transformation has to melt with utmost perfection the 
didactic concept, the CE environment and the multimedia user interface into 
an attractive and ergonomic gaming environment. The faithful and attractive 
reproduction of the CE environment is a key challenge and requires a careful 
development of the multimedia user interface. 

Finally, the simulation module is required for allowing the users to 
measure and to evaluate the impact of their actions along with the product 
design and development process. Unlike the majority of business simulation 
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games, the assessment is not based on numbers and diagrams, but on 
realistic feedback mechanism such as the (verbal) respond of colleagues, 
mail, or the appearance of the product during production. However, the 
reaction of the simulation module has an essential impact on the quality of 
players’ experiences during the game and defines highest requirements for 
intuitive and realistic user interfaces. 

A further key element of the game is the communication module. The 
game will allow individual and group gaming in a multi-disciplinary, multi- 
national, multi-cultural, multi-fimctional, distributed environment. Playing 
the game all alone is a special case where all other roles of the game are 
simulated by the computer, the usual utilisation of the game is group 
playing. Several clients of the game can link into a network providing a 
common state of the simulated world. A separate server is responsible to 
trigger events for the overall co-ordination of the game to manage several 
coexistent games and to provide a lasting address to join new games. 

The communication between groups of players will be realised by the 
communication module, integrating several information and communication 
technologies from e-mail to video-conferencing into the game. 

The content of the game is much more simple than reality. There is no 
need to use e.g. real CAD or to consider complete dependencies of decisions. 
The simulated reality will be reduced to speed up the game, to focus on 
learning goals as described above and to restrict the game to the most 
interesting and most important elements of CE. 



6. CONCLUSION 

First applications of the GLOTRAIN approach encourage the further 
development and application of educational games for engineers. Exemplary 
results of a first case study were: 

- Interest and activity of the participants were constantly above average and 
apparently amusing. 

- Typical problems of co-operation, especially problems of distributed co- 
operation were arisen and experienced by the participants 

- Experiences with effects of reorganisation and introduction of new 
technologies have been made impressively. 

- Participants were able to realise the connection between their theoretical 
knowledge and their experiences during the game. (Windhoff, Hoheisel, 
Hirsch 98) 

The paper has introduced two co mplementary approaches of simulation 
games for education and training of engineers. Both approaches will be 
completed and ready to use by the end of 1999. The authors aim to set up 




108 Jens Hoheisel, Frithj of Weber, Gert Windhofj 

European wide training groups by using the network functionality of the 
games. 
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Abstract: The paper describes and analyses the experiences obtained in the development 

of PROSIGA and TRAINER games in the project management environment. 
The benefits of using simulation games are presented, as well as the outlooks 
for further work with this type of tools. Different aspects of the games 
development process are commented and specifically the overall effort 
involved is exposed. 



1. NEED 

The increasing introduction of project management philosophy in 
industry, clearly shown by the tremendous increase in the number of official 
members of the PMI (Project Management Institute), IPMA (International 
Project Management Association) and AIPM (Australian Institute of Project 
Management), is a good indicator of the growing training demand in this 
field. It is necessary to provide ways to experiment in which it is possible to 
act out the management of a project. 

In order to learn how to manage a project, the best method is to manage 
it. For that reason, a series of tools has been developed that, by means of 
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simulation, reflect the different aspects to be treated throughout the 
management of a project: negotiation, dealing with conflicts, project 
planning and controlling, decision making, group working, etc. 

Simulation techniques are used in a wide range of fields, from 
mechanical engineering to risk management or re-engineering, in order to 
test without paying the costs of mistakes (Haho, 1996; Riis, 1996; Cano 1, 
1994). In the learning process, these techniques give us the opportunity to 
deal with "virtual" situations which bear resemblance to those we try to solve 
in real life. 

The basic purpose of this paper is to comment on some aspects and 
features of the development of simulation games specifically for the project 
management environment. 



2. BACKGROUND 

According to the main aim of project management training, we have 
participated in the following European programmes: SAM (Simulation 
Aided Management) and SAM-Mobil, within the framework of the 
COMMET Programme, and CAESAR (Computer Aided Education with a 
Simulation Approach for the Redesign of Production Processes) within the 
LEONARDO DA VINCI Programme. These projects have resulted from the 
collaboration between different European universities: Karlsruhe, Gent, and 
Zaragoza, in all the cases and with Dortmund and Lyngby in the case of the 
first two projects. Our work consist of developing training modules for 
project management, as part of a overall seminar in which each University 
was in charge of a training module related to a common scenario referring to 
a bike manufacturing company. Our project management seminar is based 
on the project simulation games PROSIGA and TRAINER, which are 
presented in the following sections. 

Currently these tools are successfully used in many courses for industry 
focused on the retraining of engineers and for imiversity post-graduate 
programmes. 



3. SIMULATION GAMES DEVELOPED 

The simulation games developed have been PROSIGA (PROject 
Simulation GAme) and TRAINER (TRAI ning for NEg otiation through 
Role-playing). Both simulation games provide learning and training 
experiences on how to develop team working, decision-making, 
communication and project management skills. 
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In the training seminars, the participant takes part in the different phases 
of the whole life cycle of a project, through PROSIGA and TRAINER. 
According to a common scenario, the participants experience the 
management of a project from the first need which motivates the execution 
of the project, to the starting of the new bicycle manufacturing company, as 
is indicated in Figure 1. The progress of the project over the elapsed time, 
with the main phases of PROSIGA and TRAINER is shown. 

Both games cover the whole project life cycle. PROSIGA shows the 
project life paces under a simulated “continuous” pattern. TRAINER covers 
three specific situations around a supply contract that occur at three different 
moments of the project development. 



PROSIGA 




Figure 1. Simulation games through the project life cycle. 

In PROSIGA, the participants act as the project manager who must make 
strategic and operational decision to achieve overall objectives (see Figure 
2). The example which is proposed by the simulator, is a project to set up a 
new bicycle plant in a country bordering the European Union (EU) 
supported by a EU technology transfer programme. With this story line, the 
participants in groups, assume the role of project managers who have to 
make decisions in order to achieve the targets required by the company 
board of directors. From the beginning, they are under time pressure trying 
to solve conflicts. The decisions made, influence the project development in 
different ways (costs, delay, team motivation, management support, etc.). By 
means of simulation we create an interactive, real environment where 
management skills can be trained without the risk of failure (Cano 2, 1998). 
The participants have to manage two phases through PROSIGA (see Figure 
1 ): 
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PROSIGA I. Project Planning: the participants collaborate in 
the preparation of a proposal, handling the concepts of project 
scheduling, and practising through the successive levels, preparing an 
initial draft of the master plan, and later adjusting it to time limits, 
weighing up the different alternatives available. 

PROSIGA n. Project Development: a series of situations will 
be experienced. These situations occur during the development of the 
project up to the commissioning and final reception of the plant. 
Therefore, the participants should take a series of decisions which will be 
required as the project progresses. Moreover, they are able to observe the 
results these decisions have on the project. 
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Figure 2. Project manager desk in PROSIGA. 



TRAINER is a simulation game devoted to training negotiation skills. In 
an appropriate scenario around the supply of plastic injection moulds, the 
participants act as members of three companies, assuming the roles of 
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customer, engineering company and mould manufacturing workshop (Cano 
3, 1998) (see Figure 3). Through the simulation game TRAINER, they have 
to pass through the different phases in a contract negotiation (see Figure 1): 




Figure 3. Performance at TRAINER seminar. 



TRAINER I. Supply scope and Signing Contract: the 
participants begin to get to know the scenario in which the companies 
have to act, essentially they become aware of the negotiation goal. Once 
they are familiar with the situation, they have to participate in a 
simulation of a meeting where a contract between three companies is 
negotiated, the ultimate aim being to sign an agreement. The parameters 
to negotiate refer to aspects such as supply terms, costs, penalties for 
delays in the supply and future commitments. 

TRAINER n. Agreement for modifications: the companies 
involved in the negotiation have already signed a contract, it work has 
begim on the project and a modification suggested by the customer arises. 
The simulation of the negotiation will be based on the use of an 
information system as a way of measuring the impact of the modification 
asked by the companies, so with the data obtained the agreement is 
negotiated again. In this second module, the parameters which are 
negotiated are based on the information system, such as costs, resources, 
terms, etc. 
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4. ASPECTS TO BE CONSIDERED IN THE GAMES 
DEVELOPED 

According to the experience obtained during the games development 
process in which we have been involved, some aspects appear to be 
particularly relevant, such as: the scenario development, versatility of the 
scenario, interactivity, group work, game timing, results evaluation, general 
development process, usability of the game interface, test scheduling, expert 
seminars and overall effort. 

a) SCENARIO DEVELOPMENT 

It is necessary for participants to be encouraged to relate their own and their 
companies experiences to the particular situation in which the game is 
simulated. On the other hand, the scenario has to allow us to locate the 
participant in such a way that he/she assumes the role required. The task of 
development of the scenario, as such, is similar to the work of a writer when 
producing a film script. In the sense that it is essential to perfectly define the 
fi’amework situation with the right sequence of scenes in which the action is 
going to be performed, the characters, with their abilities and limitations, and 
the tasks to be accomplished during the project development (Kirby, 1992). 
In the project simulation game scenario, different situations, conflicts and 
anecdotes arise. The participants have to deal with them making the right 
decisions at the right time. 

The script content requires the retrieval of prior real experiences in industry. 
The story has to hold the interest of the participants and, at the same time, be 
considered as realistic by them. 

b) VERSATILITY OF THE SCENARIO 

Some transformations can be carried out in a short time achieving a simple 
variety of scenarios, which widens the game’s adaptability to different 
environments. In this case, it would be necessary to implement a type of 
“macro-language” open to a limited variety of scenarios and situations. 

c) INTERACTIVITY 

The game’s rules of decision / response require a certain degree of agility we 
should not wait for the game to react. The rhythm of the project (typical 
decision making process under the pressure of time) has to be present at a 
reduced scale during each phase of the game. In addition, the game provides 
help and information about the project, so that participants manage, in their 
particular group, to interact with the tool and extract as much knowledge as 
possible from the experience. On one hand we have to control the game pace 
in the sense that the flow of conflicts/situations should not to overwhelm the 
participants, which would not allow each of them to be treated in a suitable 
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maimer. On the other hand if the flow is rather low the participants have to 
wait for the system, which means loss of attention and boredom in the end. 
Another point to pay attention to is the interaction between the instructor and 
the participant because a compromise between the help the participants need 
and the degree of freedom of performance in the simulation has to be 
achieved. 

d) GROUP WORK 

These games have to adapt to a relationship in which the participant learns 
more from his/her partners than from the conductor of the seminar (Gardner, 
1995). The main interest of the seminar is based on the trade-off situations 
which can be tackled from different perspectives by each group. Generally 
this type of seminar could use different techniques so that different skills 
could be practised in diverse contexts. For instance, we are interested in 
dealing, in groups, with the dissimilar decisions which may be made with 
regard to the project progress but, on the other hand, we may want the same 
people to enter into a discussion each one performing a different role, for 
example, to negotiate the terms of the equipment commissioning. In the first 
case we may use a simulation game such as PROSIGA (Project 
Development phase) and in the second one, games based on the role-playing 
techniques such as TRAINER. 

e) GAME TIMING 

The time sequence of the training seminar directly affects the structure of the 
game. Each part of the game and its duration will be delimited depending on 
the evolution of the seminar. A typical time distribution of the seminar 
would comprise 1/3 for the setting up of the seminar where the participants 
have to learn some theory about the seminar topics and the scenario itself, 
1/3 for the practical aspect where the players experiment with the topics 
learned in the previous knowledge phase, and 1/3 for the debriefing session 
where the game evaluation and results presentation take place. 

f) RESULTS EVALUATION 

In all the simulation games, the participants expect to receive the feedback of 
the evaluation of the sequence of their decisions, from the point of view of 
the expert who knows the right solution to the problems tackled. With this 
evaluation a competitiveness effect is also obtained, which forces the 
participants to make an extra effort in order to obtain better results. This 
effect also serves to learn from their own mistakes and from the mistakes 
made by the rest of the participants (Elgood, 1993). 

g) GENERAL DEVELOPMENT PROCESS 

In order to be able to improve the development process of a simulation game 
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it is necessary to integrate the efforts of the developers, the trainers and the 
observers (see Figure 4). The seminar trainers contribute to the improvement 
process with their opinion about how the game can be improved to assure its 
pedagogical value. The observers help to detect which aspects of the game 
can be improved, in view at how the participants interact with it. It can be 
seen that the game developers do not perceive all its peculiarities that the 
participants discover through the use of the game. The task of subsequent 
analysis of each one of the seminars must be added to the effort of 
integration, since the enormous amount of data gathered has to be adapted in 
order to find the more relevant aspects that lead to the improvement of the 
game. For the game to survive, the work spiral should not be stopped and it 
is necessary to assure that all the process development areas (design, 
observation and training) contribute to this progress. 
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Figure 4. General development process. 

h) USABILITY 

A very representative example of the “general development process”, 
presented in the last topic, is the usability improvement process. In the case 
of PROSIGA which is a computer based game, we need to see how other 
people interact with the simulator in order to detect the points that require 
improvement. The interface design, the information shown on the screens, 
the menus, the error messages, the application help, etc. have been 
progressively modified through different tests in order to achieve a higher 
degree of usability in the game (Dumas, 1994; Nielsen, 1994). Due to the 
fact that analysts/developers are unable to appreciate in advance the type of 
difficulties that the users will have to work out by interacting with the game, 
an independent group had to be created. This group was devoted to 
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monitoring the usability tests of the successive PROSIGA versions following 
the process showed in Figure 5. This group of observers has had to interact 
with the game developers and the seminar trainers to discuss all together 
which ideas would be feasible to implement in order to solve the interface 
problems detected, and to deal with the training needs of the whole seminar 
(Cano 4, 1998). 




Figure 5. Usability improvement process. 

The usability group has obtained information from four main sources: 

- Direct observations of the players using the game, for which a data 
capturing template has been used in order to standardise this 
procedure. This is, without any doubt, the most laborious task, since 
each observer must be placed behind a group of players, for three 
hours, the duration of a typical simulation session. The observers have 
to jot down all the data that could be of interest in order to discover 
usability problems such as mistakes made, incorrect behaviour, 
players exclamations, sequences of activities, importance they give to 
certain information, etc. 

- Use of scan-converter. It is a device that allows the recording on 
video of all the actions that the player carries out with a computer. 
This device has been employed in the final phase of the project and at 
the same time as the direct observation of the rest of the seminar 
groups. 
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- Opinions expressed by the trainers in charge of giving the 
seminar. 

- Participants’ questionnaires with their opinion about the 
application. 

Once the information has been gathered after each seminar, a debriefing by 
all the members of the usability group is carried out. A series of conclusions 
are deduced and they are transformed into a list of suggestions to implement 
in the game and in the seminar as well. 

As can be observed in Figure 5 this is an iterative process, and for this 
reason the new "version" of the application is tested in the following seminar 
and then all the improvement process is repeated. 

i) TEST SCHEDULING 

Due to the "general development process”, we need to see how others play 
with the simulation to become aware of the points in need of improvement. 
For that reason, plaiming test seminars sufficient time in advance is a must 
for the game’s design, because the efforts of many people have to be 
integrated: observers, developers, trainers and new players all of whom are 
required to attend each test-course. In this way we detect how to act in 
relation to, for example, the duration of the game phases, time that the player 
needs to think out the strategy, difficulties handling the information 
available, the way in which the trainer musts interact with the participants, 
etc. 



j) EXPERT SEMINARS 

Experts (practitioners and University teachers) have been filmed, 
participating in the sessions with the simulation games. The result has been 
very positive since very clear examples of how to focus the situations and 
how to handle the diverse techniques are obtained. This material is 
extremely valuable to identify, in the classroom, aspects to be reinforced, 
and the strategies that are employed by the participants. 

k) EFFORT 

The development of these simulation games has involved a huge effort that 
can be summarised in ten years/man, since May 96 until June 98. This effort 
includes tasks such as: game specifications, analysis and design, application 
implementation, internal tests and formal seminars to students, post- 
graduates and practitioners. 
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5. CONCLUSIONS 

The use of the project management simulation games, PROSIGA and 
TRAINER, has been a very positive experience. From the teacher point of 
view, they become a basic requirement in the teaching of project 
management practice and the beneficial added value that the to integration of 
these tools in project management training supposes, is shown. Moreover it 
has been demonstrated that project management simulation game 
development is a extremely work consuming activity. 

As a result of the work of three years, a series of aspects has been 
emphasised in the development of this kind of tools. It is worth while 
remarking that a specific means of development based on an integrated 
process between developers, observers and trainers has been implemented. 
Due to this effort, simulation games evolve thanks to an on-going process of 
improvement. This process has obtained very positive results given that 
problems, that the development games group would not have been able to 
discover by themselves, have been detected. 

We are going to continue experimenting with the tools and the seminars 
and we expect to keep on learning and researching on how to extract the best 
knowledge from the simulation games in the field of project management. 
Finally we are strongly in favour of continuing to work on research into the 
project management practitioners’ behaviour through this kind of simulation 
games. 
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Abstract: Physicians confronted with mass casualty incidents need to switch their mind 

from the routine on site individual treatment to the exceptional situation of the 
best overall medical management of group treatment and evacuation to the 
available hospital facilities. For educational purposes we developed “Panic”, a 
medical decision simulation game. On site real training exercises are critical 
about used resources, time and costs. Our computerized training module 
focuses on the joint tasks of triage and regulation. It is an ideal tool to evaluate 
different physicians’ approaches and policy criteria (medical, psychological, 
organizational and cost) for identical situations. “Panic” can also be used as a 
pseudo-optimizing decision support system. In that way it is also possible to 
evaluates the trainees’ performances against the experts’ protocols and 
decisions. 



1 . BASICS OF DISASTER MEDICINE 

Disaster medicine differs consistently from daily medical practice. 
Disasters are always unpredicted and unforeseen situations. Their evolution 
regularly follows the rules of Murphy’s law. Dealing with mass casualty 
incidents remains a challenge for every physician. Managing disasters and 
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mass casualty incidents emphasizes the best overall management and 
treatment of a group. Required resources for treatment and evacuation 
always exceed the available means. 

The aims of disaster medicine are clear and well defined. Every 
individual patient should receive the best medical treatment on site taking 
survival chances within the whole patients’ population into consideration. 
The on-site specific problems should not be transferred to the hospitals. 
Every patient should be treated as soon as possible in the most adequate 
hospital with regard to his/her injuries. Hospital capacities and treatment 
possibilities should not be overcrowded. 

Unfolding the disaster plan from the medical point of view consists of 
bringing on site medical teams, technical means and ambulances for the 
evacuation of the casualties to the hospitals. These plans are activated by the 
emergency dispatch center covering the disaster area. On the spot three main 
functions are to be performed by senior medical doctors, specially trained in 
emergency medicine: the medical director, the triage physician and the 
regulation physician. The medical director is the overall medical chief on the 
spot and has to allocate tasks to every arriving medical team. The 
responsibility of the triage physician consists of examining every casualty 
and to assign him/her an emergency code using the Mettag card (Fig.l). 
Every Mettag card has its own identification number and color codes. U1 
(red) are patients in need of immediate care. U2 (yellow) are patients who 
need hospitalization where treatment should be performed within 6 to 8 
hours. U3 (green) patients have only minimal injuries, which should be 
thoroughly examined after all U1 and U2 have been treated. UO (black) are 
dead or near dead casualties who have no chance of survival. The triage 
procedure should not last longer than a few minutes per patient and is 
performed at the entrance of the field hospital (for the process steps, see 
Fig.l). The regulation physician is the head of the field hospital. He should 
supervise the start of the adequate treatment and organize the transportation 
to the most suitable hospital, regarding the urgency type and the injuries. Not 
all hospital facilities in Belgium are equipped with bum, cardio-thoracic 
and/or neuro-surgical xmits. The regulation physician should have good 
knowledge of all hospitalization facilities in the area. He has a chart 
containing all the hospitals in the region and their acceptance capacities per 
hour and per type of urgency (see Annex 2, regulation table). The aim of 
disaster management in case of mass casualty incidents consists of not 
overcrowding the surroimding hospital facilities. The organizational 
efficiency of disaster management consists of bringing the right patient in 
time to the most suitable hospital regarding his specific injuries. 

To avoid chaos on the disasters site and in the hospital facilities two 
tasks, triage and regulation should be performed in the most suitable way as 
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soon as possible after the onset of this specific situation. This needs for all 
responsible physicians a mental switch from the routine daily individual on 
site treatment to the best overall group medical treatment and management. 
Experience learns that this switch is very difficult without adequate training. 



2. PANIC, A COMPUTER PROGRAM USING THE 

GAME APPROACH 



2.1 Why developing a game ? 

Coping with disasters remains rare. As managing mass casualty incidents 
is not a physician’s main duty, they are not acquainted and trained for 
dealing with these exceptional situations. Training in real situations is almost 
impossible, as a real disaster is not the moment for learning. Physicians 
should be trained in this specific management long before being confronted 
with such a kind of incidents. Training possibilities are therefore limited to 
real situation exercises. Real situation simulations are however critical about 
the used resources such as ambulances, medical teams and other manpower 
being taken away from daily emergency service during an exercise. 
Elementary security rules in case of real incidents within the exercise region 
could be affected. Real situation simulations are furthermore very expensive 
and time-consuming. A real on site exercise is also a not reproducible event. 
Virtual situation simulation such as computer-based gaming seems to be an 
efficient answer to all the disadvantages of real situation simulations. 

2.2 How the game works . . . 

The “Panic” game is developed with emphasis on triage and regulation 
tasks. At the start the following data define the scenario constraints. Casualty 
descriptions, the available transportation means and the available hospital 
facilities for evacuation of the disaster site are at the player(s) disposition. 

One by one decision combines patient identification number (ID- 
number), urgency type, ambulance identification and hospital destination. 
The choice and the management of the evacuation are done using multiple 
performance criteria. They endorse medical criteria where the aim is to 
achieve the shortest throughput time from onset of the incident to the final 
treatment accommodation or hospital. From the psychological point of view 
on site waiting times for evacuation should be reduced to a minimum. From 
the organizational point of view, the time intervals between patients’ arrivals 
in a same hospital facility should be maximal. In order to reduce costs a 
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minimal number of ambulances should be involved in the evacuation. Most 
of these criteria are highly conflicting. 

Our computer decision support system contains different databanks. The 
first one involves all available hospital facilities. For every hospital a given 
number of patients that can be accepted per urgency type and per hour is 
defined. These figures (see Annex DSS, second screen shot) are fixed and 
described in the disaster plans, all approved by the National Health 
Authorities. Within the U1 -urgency type subdivision is made in hospitals 
with units equipped for the treatment of burned patients, neuro-surgical 
casualties and/or cardio-thoracic pathologies, as not every hospital can 
provide these facilities. Besides a databank of hospitals our game has a 
databank of patients. Every patient chart (see Annex 1, picture 1 and 2) has a 
description of his/her history with the main clinical findings. Moreover the 
chart has the hour of arrival in the triage center and an ED-number listed. 
Some charts even have a picture of the patient. The third databank is one 
containing all available ambulances with their identification and their on 
scene time of arrival after the onset of the disaster plan. Time and distance 
matrices describing the time of a travel loop to the hospital and back to the 
disaster site including loading (on scene) and unloading (in the emergency 
department of the hospital) times. These latest times are arbitrary. 

2.3 How the game is played . . . 

This game with emphasis on triage and regulation tasks has to be played 
by one or two trainees. Both triage and regulation tasks can be played 
separately or combined. The triage task consists of assigning an urgency- 
type to every casualty entering the triage center. Assigning an urgency-type 
is associated with possible inter physician variability. The regulation task 
consists of choosing the right hospital for the right patient on the right time. 
This decision is made taking urgency-type, hospital capacity and transport 
abilities into account. The game allows the possibility of overruling hospital 
capacities to approach real life situations. A patient can however only be 
dispatched if transportation means are available. 

Different regulation policies, using different priority rules can be adopted 
in coping with the problem. Regarding to patients regulation priority rules, 
one can choose between the ‘overall first come, first served’ principle or the 
‘selective first come, first served’ principle, with an absolute priority for Ul- 
urgency type casualties. Different hospital selection priority rules can be 
adopted, choosing f.e. between first to the hospital with the highest overall 
total capacity, first to the hospital with the highest U1 total capacity, first to 
the nearest (respective farthest) regional hospitals or first to the nearest 
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(respective farthest) hospitals independent of language, national or 
international boundaries. 



3. THE ADVANTAGES OF USING THIS GAME 

The advantages of using this game are multiple from the scientific and 
educational point of view. Comparison between different players and the so- 
called experts can be reviewed and discussed. Same, similar or new 
scenarios and procedures can be reproduced or created without any 
problems. Different triage and regulation policies can be tested and 
evaluated either based on players’ performance or created by an automatic 
expert like simulation program in Arena (see graphics of Annex XIM). 
Furthermore it is important to get acquainted with the on site use of decision 
support systems. 

The regulation problem and the supporting Panic game turned out to be 
an useful training tool even outside the medical world, as everyone thinks to 
be able to master this regulation task without major difficulties. Experience 
with the virtual disaster planning exercise, Dis-Strat, was gained in different 
cultural environments. Results proved that this multi-conflicting 
performance problem is an ideal assignment to show the importance of the 
need of clear goal definitions and the corresponding explicit quantification 
of these criteria. 
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Figure 1 . Panic Game 1 



Players’ REGULATION TASK Dispatch to most adequate Hospital 
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Players’ DECISION SUPPORT SYSTEM for better Dispatching 
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Figure 3. Panic Game E 






Teacher’s EXPERT SYSTEM for Players’ Performance Evaluation 
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Figure 4. Panic Game XIM 



• Cost-wise 
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Abstract: In this article the idea is discussed that business games and simulations 

create an advantage in relation to traditional instruction, the latter 
primarily focussing on the transfer of knowledge. 

Frontal group learning methods are being more and more recognised as 
educational processes with a low degree of efficiency in learning, 
especially in behavioural change. Especially in management 
development these processes will be replaced by more efficient 
methodologies such as project-based learning, coaching in the field or 
games and simulations. 

The dynamics of a game situation, combined with a multidisciplinary 
approach enhance the opportunities for social learning, problem solving, 
and decision making in small groups, in a broader sense real skill 
building. Without an explicit focus on these skills, learning and change 
will not occur on a behavioural level. 

An integral approach is experienced in ORSIAM LTD, an interactive, 
competitive, computer-based game, in co-monitorship with Professor 
Em. Henri MULLER (Faculty of Industrial Management, University of 
GENT). 

In the context of business games, guidelines will be explicated as to how 
the trainer should behave in order to improve the social skills of the 
trainees within the constraints of the trainability of behavioural 
characteristics. These guidelines are inspired on some rules of 
consulting and coaching. 
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When learning is the goal, passivity is our enemy. 



1. ORSIAM LTD 

ORSIAM LTD is an excerpt of the ORSIAM business game, meant 
for the students taking the two-years' postgraduate programme 
industrial management, enriched with a consulting experience in-group 
dynamics. 

In fact, ORSIAM LTD is an interactive, competitive, computer- 
based game which simulates growing responsibility starting from the 
defining of the company’s policy, towards several decision processes: 
optimisation of a production plaiming, product marketing, investment in 
new production facilities, wage negotiations, decision making under 
time pressure and optimisation of a distribution chain. 

Initiated by the committee of vocational training of the Flemish 
Federation of the Metal Manufacturing Industry, the project started with 
Prof. Em. Henri Muller and ORBID HR Services. The aim is to enlarge 
and to deepen the competencies of young professionals with 2 to 5 years 
of professional experience - academic engineers, economists, and 
psychologists - in managerial thinking and handling. 

The game formula was offered as: 

• An eye opener outside of the functional expertise and day- 
to-day discipline of the trainee 

• A self-assessment of skills. By comparing the personal 
skills with those of others we offered in a sense a benchmark 
starting from self-awareness exercises through 
questionnaires. 

The learning goals were defined as: 

• To improve the skills of the participants in estimating the 
relevance and effectiveness of alternative approaches. To 
integrate a qualitative and quantitative approach in problem 
solving, decision making and the action preparation. 

• To create financial awareness in decision making. An 
introduction in business finances. 

• To formulate a strategy and to evaluate the consequences in 
relation to a previously defined strategy. 

• To give the participants the opportunity to acquire 
experience and skills in general problemsolving techniques. 
The focus is on simultaneously considering a variety of 
criteria which all have their impact on the functioning of a 
company. An example of system thinking. 
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• Developing interpersonal skills and intrapersonal awareness. 
The following topic will be discussed in detail. 



2. THE TRAINABILITY OF SKILLS 

In order to handle this topic, the importance of training is illustrated 
in the consultancy business. 

By analogy with the consultant the business game trainer spends an 
important part of his time improving skill building. While the formal 
training programmes serve well for knowledge transfer, the results are 
rather poor in the more important area of behaviour and skills. 

The seven broad areas of competence in management consulting are: 

2.1 Diagnostic ability 

• A mentality of independence. 

• Delving into causes behind symptoms and superficial 
explanations. 

• Conceptual and analytical thinking, which is the art of being 
able to see a pattern running through diverse pieces of 
evidence. 

• The ability for inductive reasoning. 

2.2 Solution skills 

• Imagination is an intangible but essential skill for all 
consultants. 

• Courage is a special quality for consultants to possess in 
order to propose change programmes. 

• Teaching ability. 

2.3 Knowledge 

• Consultants must be in the forefront of knowledge in their 
fields of experience. 

• A lot of specialist areas in consulting require sophisticated 
expertise in topics such as modelling, questionnaire design 
and statistics. 
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2.4 Communication skills 

• Sensitive listening skills. 

• Exceptional writing skills. 

• Oral presentation skills. 

• A broad repertoire of intervention skills 

2.5 Marketing and selling 

An example. 

In many consulting firms, there may be a need for training 
programmes in client contact skills. These should include training in 
classic client situations such as: 

“How do you tell a client he is wrong?” 

“What do you do if the client doesn’t like your ideas?” 

“Accumulated wisdom within the firm” on these client contact 
situations should be built into training programs so the firm can 
disseminate its best expertise. We will not accept the alibi “well, this is 
my personality and style and I can’t change it”. 

2.6 Managerial ability 

• Financial insight. 

• Strategic planning. 

• People management. 

• Accounting. 

• Creating a climate. 

2.7 Personality characteristics 

• High ethical standards. 

• Positive thinking. 

• Self-motivation. 

• Teamplayer. 

• Energy. 

• Self-awareness. 

There are various individual properties, which have an important 
influence on the trainability of behaviour. Some of those properties are 
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relatively stable and unchangeable in time, e.g. intellectual capacities, 
personality, etc. Others have a situational or temporary character and 
may therefore be influenced, e.g. motivation, expectations, standards. 

Table 1 . Trainable and Non-trainable behavioural characteristics 



Trainable behavioural characteristics 


Non-trainable behavioural criteria 


Communication 

skills: 


Sensitive listening skills, 


Sociability 


Being able to adapt 
oneself in various 
social situations 
depends to a large 
extent on the basic 
personality of the 
individual. 


Oral presentation skills 


Motivational 
behaviour 
Motivation has to 
do with energy 
and direction. 


Motivation to achieve 


Intervention skills 


Enthusiasm 


Running meetings 


Energy 


Reporting 


Ability to learn 


This ability is strongly 
correlated with what 
psychologists call the 
general intelligence. 


Persuading 


The vision or the 
capacity to assess 
long-term effects 
narrowly linked to 
analytic and synthetic 
thinking. 


Management 

skills 


Project management 


Initiative 

Judgement 




Delegation 






Administrative skills 








Coaching 


Problem 

solving 

behaviour 


Problem analysis 


Social 

behaviour 


Team spirit 


Empathy 


Personal 

development 


Self insight or awareness 



To speed up the acquisition of critical skills, firms turn to on-the- 
job-coaching and teaching by senior professionals. Project based 
learning or games can take up the primary step in this critical asset 
building. Through the dynamics of the game the eagerness of the trainee 
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is stimulated. This is an important advantage compared to traditional 
learning. 

A great deal depends on the individuals themselves. Their 
willingness to learn remains the critical issue. We will illustrate the 
personal blockages in learning further on. 



3. DEVELOPING ABILITIES 

At the present time, a widely accepted model for the development of 
abilities is probably that advanced by KOLB. It is drawn as the so- 
called KOLB cycle. 




Basic steps are: 

3.1 Exercising 

By exercising we mean learning by doing. 

Example: 

Role playing which gives trainees the opportunity to practise and 
rehearse. 

Blocks in learning: 

• Lack of discipline in exercising 

• The need for immediate results 

• Lack of concentration 
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The attitude in this step is one of openness, even naivety, with 
absolutely no subjective judgement or criticism, agreement or 
disagreement, or emotional reaction. 

Example; 

Watching an trainee expert behaving effectively in a problem 
situation 

Potential blocks in learning: 

• Lack of opeimess 

• Observing with a preconceived mindset 

• Observing with criticism and prejudice 

• Passivity 

3.3 Connecting 

At this step, the learner needs to relate to the outside imprint (the 
lecture, the experience etc.) in order to give it meaning. The learner 
takes an enthusiastic interest in what has been observed or experienced. 
He finds the right questions that the learning process has generated in 
him. 

Example: 

Building your own theory of conflict handling 
Potential blocks to learning: 

• Indifference 

• No imagination 

3.4 Becoming creative 

With the growth of new capacities the trainee becomes far more self- 
directed. The learning has at this stage been transformed into creative 
potential. 

Blocks to learning; 

• Avoiding risks 

• Fear of making mistakes 

• No active practice in new situations 
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4. GUIDELINES FOR THE TRAINER 

These guidelines to improve social skills are inspired on some rules 
on the quality of consultative work and the principles of learning. 

4.1 Knowledge of results/Feedback 

• Information about one’s attempts to improve is essential for 
learning to occur. Feedback is one of the essential 
prerequisites for learning. 

• To be accepted by performers as accurate, feedback should 
include positive information first, followed by negative 
information. 

Illustration: 

• In ORSIAM LTD the videotapes where the trainees performed 
a wage negotiation, were discussed. Constructive and 
destructive approaches were identified. 

4.2 Working in the middle 




Don’t solely discuss the results but dig into the problem-solving 
process. Illustration 

• During the game the game leaders discussed the methods that 
were used to come to a solution as well as also the group 
dynamics. 
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4.3 Make changes through interventions 

All teaching is intervening, therefore the focus is on stimulation and 
enabling the participation of the learner in the learning process 

In order to make effective interventions a sound knowledge of the 
professional environment of the trainee is essential. 

4.4 Invisible effectiveness 

The game leader works as a catalyst, a facilitator. He guides the 
student in his discovery step by step. 

Don’t try doing the thing yourself, so that only the result counts. 
See to it that the student is on the right track. 

4.5 Co-development/Interaction 

Grow with your student. Invent your own concepts. 

The best theory is good practice. 

Make the concepts a part of yourself. 

Maintain an energetic, positive attitude about learning. 

4.6 Self Assessment 

Use questionnaires. Such questionnaire is not meant to be a refined 
or highly valid measurement device. Rather it is intended to give the 
individual insights into how much the student already knows about the 
skill in question. Self-awareness is a point of departure to improve 
interpersonal skills. To know your basic behavioural tendencies and 
inclinations for dealing with others create new learning goals. 
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Illustration: 

• The sharing and reviewing of the results of the Career 
Anchors questionnaire, the Belbin roles etc. 

5. POINTS TO RECONSIDER 

• Simulated responsibility is no responsibility 

The game concept maintains a low risk situation compared 
with project based learning which is directly connected to 
the work situation. 

• Separation of learning from the real world 

Game activities are mostly disconnected from work 
activities. The trainee doesn’t always see a connection with 
his day to day duties. The issue of transfer of the training is 
still fragile. 

• Involvement of the organisation 

The trainees' immediate supervisor is likely to provide for 
the most powerful coaching. But if he does not reinforce 
what is learned in training, the results of the training will be 
ineffectively transferred to the job, if at all. 

It is always an advantage to establish a clear link between 
training and career progress. 

• Educators need to be less trainers/instructors, and more 
facilitators of learning. 

• An organisation culture based on clear answers and quick 
solutions will inhibit true learning. Rather we need to create 
a “question culture”, because learning arises from living 
with and struggling with questions. 
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Abstract: This paper presents the design process and features of a tailored, interactive 

and experiential simulation game that is used to promote the values of an 
electronics industry firm. The game design is evaluated to discover essential 
features in the games used for promoting values. 



1. INTRODUCTION 

In promoting organizational values, priorities and ways of working are 
the focus, one of the means for which in the promotion process is the 
simulation game. Current simulation games fail to reveal how they could be 
used to promote organizationally relevant values in particular, and present 
the adoption or discussion of values as a sideline to other topics. 

1.1 Experience from simulation games 

Simulation games have different kinds of applications in organization 
management ranging from teaching and training to research purposes. 
Practising strategic management (Keys 1997), developing work processes 
(Piispanen et al 1996), and simulating managerial decision making (Beazley 
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& Lobuts 1996) can be mentioned as examples of using games in 
management-related issues. 

Simulation games can succeed in increasing motivation, conveying 
information or increasing awareness of policies and issues, developing 
decision making, communication or other kinds of skills, changing attitudes, 
and in self-evaluation for instance in terms of the awareness of one’s own 
assumptions and attitudes (Greenblat 1988). Experience gained in simulation 
games, especially when used for improving work processes, suggests that 
games promote the learning of new priorities and ways of working 
(Piispanen et al. 1996, Ruohomaki 1994, 1995, Piispanen 1995, Forssen- 
Nyberg & Kutilainen 1998, Haho 1998, Smeds 1996). Some games have 
even been said to transmit values or handle value conflicts (see Goldstein 
1996, Beazley & Lobuts 1996). To date, there have been no reports on using 
games to communicate and promote organizational values in particular. 

One of the major benefits of simulation games is the active involvement 
of participants. This active involvement makes the learning process in 
simulation games different from more traditional ways of learning, such as 
lectures. The experience of the topic as a whole, understanding system 
characteristics as well as using game-specific symbols can be considered as 
other advantages of simulation games (see Greenblat 1988). The problems of 
simulation games can often be related to their generality and, thus, poor 
transfer of learning to a real life context. Only now is the trend more towards 
case and industry realism, visual images, and learning transfer in strategic 
management games (Keys 1997). 

1.2 Motives to promote organizational values 

Values have received an elevated position in organizational management 
during the past 25 years. From an individual point of view, values are 
abstract ideals, positive or negative, not tied to any specific attitude, object 
or situation, representing a person's beliefs about ideal modes of conduct and 
ideal terminal goals (Rokeach 1968). Values are both consciously and 
unconsciously, and individually and collectively held (Kluckhohn and 
Strodtbeck 1961). People adopt certain values early in their childhood from 
the surrounding society, and these values are difficult if not impossible to 
change. However, organizational managers can use their values, often 
written down in the form of formal value statements, to influence 
organizational practices (Hofstede 1998). Barnard (1938) decades ago noted 
that one of the key functions of executives is to “formulate and define the 
purposes, objectives, and ends of the organization” and ensure a 
communication channel for these. 
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Managers in many organizations have espoused a set of values to 
increase organizational performance and motion organizational culture in a 
desired direction. According to several studies, organizations well familiar 
with their value system and can utilize and mold it will succeed (e.g. Peters 
& Waterman 1982, Beck & Hillmar 1986, Deal & Kennedy 1982). Espoused 
values do not always coincide directly with the values-in-use, i.e. the 
prevailing corporate culture (Schein 1985, Argyris & Schon 1978). 
However, it has been proposed that they have a potential change impact on 
organizational culture by achieving a dynamic gap between current and ideal 
culture (Hatch 1993, Reger et al. 1994). Imitation of an “ideal” set of values 
such as that listed by Peters and Waterman (1982) is not related to successful 
financial performance (Barney 1986, Denison 1990). Therefore, values as 
well as ways of promoting them need to be tailored for each organization 
that wishes to use values for cultural change or maintenance. 

One-directional communication of values does not ensure that the values 
are adopted and adhered to (Ledford et al. 1995). Rather, promotion of 
values should be looked at as a learning process where current beliefs are 
made accessible and, thus, changeable and new ones are brought into place 
(e.g. Hatch 1993, Dixon 1993). The criteria for successful values promotion 
range from a compelling set of statements and effective implementation 
process to consistent statements, systems and practices and continuous 
renewal (Ledford et al. 1995, Martinsuo 1996). What typically causes 
failures in these processes is management impatience in carrying out the 
process in full, lack of commitment or involvement, poor resources and low 
investment, and the poorly managed implementation phase (Bladder & 
Brown 1980, Martinsuo 1996). In many successful cultural transformation 
efforts, the desired principles and values are not only promoted at the start 
but reinforced by supportive changes in organizational systems and 
procedures. Reger et al. (1994) refer to this as tectonic change where large 
leaps are supported by continuous improvements. 

1.3 Tailored games to promote organizational values 

Existing literature does not address the lack of concrete tools to promote 
organizational values in particular. Socialization and communication 
literature mentions the role of values, but does not provide actual tools (e.g. 
Van Maanen & Schein 1979). In making beliefs accessible, dialogue (Schein 
1985, 1993, Dixon 1994), story telling (Boyce 1995), and systems thinking 
(Senge 1990) are considered important. The aspects of the simulation games 
mentioned above show promise in the context of promoting organizational 
values. 
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In the field of ethics, culture and values simulation games have been used 
for instance to teach business ethics (Wolfe & Fritzsche 1998) and to 
practice ethical decision-making in counselling (Frame et al.l997). 
Employee behaviour issues have largely been omitted from strategic 
management games (Keys 1997). As presented above, values are 
organization-specific. Thus, if simulation games are used in value 
promotion, it seems that tailored simulation games are needed. As well, 
general ethics games call for tailored vignettes to handle company-specific 
topic to make learning applicable within a real-life context (e.g. Wolfe & 
Fritzsche 1998). 

We propose that tailored, interactive and experiental simulation games 
can be used to promote organizational values, and below seek the factors that 
are relevant in creating such a game. This is approached through an 
application: a game designed to promote certain values in an industrial firm 
in Finland. 



2. APPLICATION: TRUMP CARD GAME 

A starting point for the game design process was an electronics industry 
firm’s need to commimicate values in a way suitable to its current culture 
and supportive of other ongoing development efforts. The value process was 
initially management-driven, but a decision was made to involve key 
personnel in delivering the value message to about 2000 people around the 
country in an interactive simulation game format. The aim of the game 
design project was to design a prototype for a game, test it, and train game 
facilitators. The company’s role was to implement the game technically and 
bring it into use. The game can be considered both a teaching game and a 
policy game (Peters et al. 1998) in the sense that it was both to teach about 
the values of the firm and explore possible policy options in solving value- 
related problems. 

The game design process followed the recommendations of Duke (1980), 
Greenblat and Duke (1981), Walter & Marks (1981), Greenblat (1988), and 
Ruohomaki (1992), as shown in Figure 1. Firstly, an analysis was made of 
the current state in the firm. Secondly, the organizational reality was 
modelled and game assumptions were defined. Thirdly, the game was 
operationalized as a board game with cards and player teams. Fourthly, a 
prototype of the game was made and tested within the design team, with a 
corresponding team in the organization, and finally in a real-life context. 
After this, game facilitators were trained, and the final physical design of the 
game and its implementation were carried out in the company. 
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Figure 1. Developing a simulation game (Duke 1980, Greenblat & Duke 
1981, Greenblat 1988, Walter & Mar^ 1981, Ruohomaki 1992). 

A brief analysis of the current state of the organization was made to form 
a picture of the organizational context. Twenty-five key persons ranging 
from management to customer interface were interviewed, and material 
written about the firm, its values, and other development programs was 
examined. The objectives of the interviews were to get an idea of how well 
people knew the espoused values; how those values were interpreted; and to 
what extent were the espoused values in line with the values-in-use. Also, 
one aim was to gather information on how well people knew the so-called 
Trump Card roles, i.e. managerial roles defined in another company-wide 
project, and whether these could be linked to the game. 

The main findings of the interviews were that values are agreed upon and 
practiced in part, but often performance issues are favoured if there's a 
conflict. A number of problematic situations and issues were discovered at 
this stage: for instance, modes of action do not always support espoused 
values, and some of the values are better known than others and have a more 
dominating role. Values were well in line with the managerial Trump Card 
roles, meaning that this could be used as support in the game. 
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The objectives of the game focused on delivering the values to personnel 
and enhancing in a supportive manner value-based ways of operation. The 
game was to: 

• communicate the organization’s values to personnel and enable the 
creation of personal meaning for them 

• promote a collective interpretation of the values through common 
experiences and discussion 

• frame the difference between current and ideal, desirable ways of 
operating in the group, and thereby 

• create a fertile ground for value-supportive actions 

The game was operationalized as a board game with men, dice, and task 
and fact cards. The phases of the game are introduction, playing and 
reflection. The game is sufficiently general to suit everyone in the 
organization. 

The player teams are to wander in the “world of values” visually 
presented on a map of five value “states” with “capitals”. The goal is to visit 
all the capitals and in each of them collect a stamp for the team’s passport. 
Teams proceed to these capitals through different types of tasks which 
handle real-life work situations, such as successes, decisions, problems, and 
changes. The tasks have to be accomplished through the interpretation of 
values, as is the case in a real-life context. Participants play as themselves, 
within their own work roles. The Trump Card roles are used occasionally as 
well. The first team to get five stamps wins the game. 

Evaluation of the game design 

Above, we described an application of a simulation game in promoting 
organizational values in an electronics industry company. The game design 
will now be evaluated on the basis of validity. Other important issues, such 
as those concerning usability and effectiveness, are left for a later analysis. 

Raser (see Peters et al. 1998) presents four criteria for the validity of 
gaming as a research tool, namely psychological reality, structural validity, 
process validity, and predictive validity. These seem to apply to training and 
policy tools too. According to Peters and Associates (1998), the validity of 
the game can be improved by working systematically in a participative 
manner, checking the validity explicitly, and testing the game. 

The first criterion is psychological reality, which has to do with 
providing a realistic environment. The Trump Card Game was created by a 
team of internal organizational members and external experts, where the role 
of the organization's internal members was especially to make sure that the 
game was realistic. Validity was checked with organizational members, and 
several tests were also made both with outsiders and insiders. However, the 
initial organizational analysis was rather light, so new information had to be 
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collected later to finish the task cards. A more comprehensive analysis at the 
start would guarantee improved validity. 

Structural and process validity refer to the congruency between the 
elements in the game system and the reference system. Validity can be 
evaluated by the structure (the theory and assumptions on which the game is 
built) or by the processes that take place in both systems. If the game is not 
related to the organization’s or the person’s job situation, there is the danger 
that playing the game will be considered a waste of time. Therefore, 
choosing the game becomes critical (Riis 1996). If the game is company- 
specific, this risk will be smaller. Here, the company-specific nature and 
overall generality of the game likely promotes validity. Despite this, 
employees do have different jobs and the applicability of task card content to 
these jobs varies. In this sense, the validity of the game model could be 
further improved by designing different versions of the task cards for 
different contexts (e.g. sales tasks, technical tasks, support functions). 

The last criterion, predictive validity, refers to reproducing historical 
outcomes or predicting the future. As for the Trump Card Game, handling 
values through real-life topics potentially ensures the transfer of learning to 
everyday work. It also enhances interactiveness and dialogue, promotes a 
collective experience, and thus, has a potential impact on collective beliefs 
and ways of working. During the creation of the game, managerial 
involvement and support existed at least to some extent, and the game was 
tied to other organizational development programs. Therefore, it is unlikely 
to remain a separate, temporary program but, rather, may become part of the 
organization’s routine and supported by other efforts. However, design of 
the game cannot correct the mistakes made at the corporate management 
level, such as during the creation of the values. 



3. DISCUSSION 

Based on literature on value-promotion, and our empirical experience, we 
propose four characteristics as relevant in games that are used in promoting 
organizational values: a tailored content; explicitness of values; a chance to 
interpret, discuss, act on and question values; and, the visibility of a gap 
between current and ideal ways of working. 

Tailored content. Despite the cost and effort of tailoring a simulation 
game for one organization’s use, values and their promotion, in order to 
produce competitive advantage (e.g. Barney 1986) need to be company- 
specific and tailored. In a company-specific game, players very quickly 
capture the idea, context and operation of the game due to the firm’s 
familiarity, and the game can effectively stimulate organizational change 
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processes (Riis 1996). At the same time, the game should be sufficiently 
general and adaptable so that it could suit the needs of different fimctions, 
personnel groups, and also different purposes within the firm. The topics in 
the Trump Card Game are in nature fairly general to suit the needs of various 
groups within the firm, but simultaneously they are strongly tied to the 
industry in question, the nature of service work, and certain events in the 
organizational history. In our experience, involvement of organizational 
members in designing the company-specific values promotion game is 
crucial in many ways, from verifying the commitment to the values and 
investment in the values promotion process, to demonstrating involvement at 
many levels and ensuring consistent implementation of values by other 
means. We currently assume that part of the game format could be general 
and adoptable in other firms, but the content needs tailoring and strong 
organizational involvement. The relationship between the generality of 
format and content tailoring is an interesting topic for future study. 

Explicitness of values. Due to the original purpose of promoting values - 
learning certain priorities and ways of working - the espoused values need to 
be made explicit in the game in some way. As Ledford and Associates 
(1995) stated, realization of organizational philosophy or values requires that 
the statements be compelling and communicated consistently. The players 
need to realize what the values are and why they are important. Additionally, 
if people are to use the values as guidance in their decision making, value- 
related situations must be made visible. In the Trump Card Game, the values 
were contained both as visible words (“states”) in the “world of values” and 
as invisible, discussable ideals in the tasks related to daily interactions with 
customers and co-workers. Because of the nature of the values game, we see 
that various values, not only those espoused by company management, may 
come up during the game but that afterwards players should have a clear 
image of what is considered important in the firm in question. 

A chance to interpret, discuss, act on and question values. The idea of 
promoting values implies that employees are not only recipients and listeners 
but also active interpreters and influential persons. Only if they have a 
chance to define values in their own terms, translate values into tangible 
actions, and negotiate meanings for the values, can they develop personal 
and collective commitment to the topic and select suitable behavioural 
responses (e.g. Louis 1980). In this sense, the experiential learning aspect of 
simulation games is particularly important. Also, interaction and co- 
operation are required to promote collective experience and, thus, shared 
understanding. In the Trump Card Game, choices and arguments have to be 
negotiated among the team members, and each team has to develop a 
collective response to various tasks. This not only forces individuals to think 
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about their own priorities and opinions but also promotes dialogue and 
reflection within and between groups. 

The visibility of a gap between current and ideal ways of working, 
and action orientation. If values are promoted with an aim to adapt ways of 
working to suit the values at either the individual or organizational level, the 
differences between ideals and reality must be made visible (e.g. Reger et al. 
1994), and actions towards the values need to be supported. Action 
orientation within the game can come up in many ways. It may mean the 
presence of a committed key person who is able to respond to a value-related 
critique and needs of improvement, and ensure actions after the game. It may 
also mean a “development contract” among game players, to be 
implemented after the game, written development plans, and so on. In 
theTrump Card Game, most of the tasks are based on everyday types of 
work situations, ensuring that participants are familiar with them and values 
are discussed within a context. Working in groups reinforces sure that there 
is no “one correct solution” and that gaps between values and reality, or 
different ways of working become very easily visible. The presence of a 
trained game facilitator, encouraging games within natural work groups, and 
certain tasks have been used to promote action orientation and learning 
transfer. 

In addition to particular game characteristics, other organizational 
systems and practices (e.g. HR) need to support the content promoted by the 
game, and the implementation of the game itself needs to be congruent with 
the values. The position of simulation games amongst different forms of 
values promotion is one potential topic for research in the future. Other 
research and development ideas have arisen due to an evident lack of 
empirical data in the field. Evaluation of the Trump Card Game usability and 
effectiveness is the initial research agenda in the case company. It would be 
of importance to study in parallel the impacts of a game and other 
communication and socialization mechanisms such as slide shows, more 
traditional forms of training, or written material. Different types of games 
can be used for the same purpose, and could be compared to test the validity 
of the above-mentioned critical factors in values games. Another question is 
whether a common value game should be developed or does it always have 
to be tailored. 
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Abstract: The increasing globalisation and the change of culture and structure of 

enterprises cause a continuous product innovation in shorter and shorter cycles 
and a varied organisation. "Knowledge" and "Competence" become important 
competitive factors as well as decisive resources for enterprises. This will 
require new qualifications of the employees and lifelong learning will be an 
important key factor. In research and development as well as in factory 
planning, the internationalisation process requires that new competences will 
be developed. The "Institute for Manufacturing Engineering and Production 
Management" (FBK) at the University of Kaiserslautern, has developed a 
holistic teaching concept to fulfil this demands. The total concept, ViteFBK 
(Virtual Teaching at the FBK), consists of different components and learning 
phases, which include different multimedia based teaching and learning 
methods. The multimedia technology offers exciting new opportunities for 
building up competence in international collaboration on problem solving 
projects. 
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1. INTRODUCTION 

Through the present change of the production society to the information 
society, essential features of the organisation and the situation of work forms 
have changed. The organisational structures have changed from strictly 
hierarchically forms to small flat, cross-linked teams and the external control 
of the employees is more and more replaced by entrepreneurial thinking and 
integrated, global co-operation. The prevention of division of labour 
(Taylorism) to an integrated system concept, puts the employees to new 
challenges. 

This change of paradigm in structure and culture of enterprises along 
with the increasing globalisation, causes a continuous product innovation in 
shorter and shorter cycles and a varied organisation. The organisation has 
been developed as a project organisation with more flexible work forms, as 
well as a continuous process innovation with a permanent increase of 
productivity. Therefore, "knowledge" becomes an important competitive 
factor and another resource of production in addition to capital, work and 
ground. In the future, education and knowledge will be competitive and 
decisive resources for the enterprises. 

Such a change requires new qualifications of the employees and lifelong 
learning will be an important key factor. In research and development as 
well as in factory planning, the internationalisation process requires that new 
competence will be developed. To be able to deal with Information and 
Communication Technologies (ICT) as well as the operation in world wide 
distributed teams, becomes more and more important. 

New qualification concepts are required. Such a concept describes below, 
how it’s able to provide the new skills to employees of learning enterprises. 



2. QUALIFICATION AS A KEY ELEMENT TO 

IMPLEMENT KNOWLEDGE MANAGEMENT IN 
LEARNING ENTERPRISES 

The change to the learning organisation and the introduction of new 
management concepts, like knowledge management, create new 
requirements with regard to the employee’s qualification. Such a 
modification in enterprise structure and enterprise culture, requires new 
aspects in the personnel evolution. 

The knowledge management is mainly focused on the documentation and 
transfer of knowledge in the enterprises. This means that the employee must 
receive methods and tools, which allow him this transfer of knowledge and 
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also the extraction of knowledge from the organisation for his tasks. The 
procurement of methods as well as the conversion into practice, is still not 
considered enough at the teaching institutes (schools, universities, 
academies). Especially the transfer from theory into practical application is 
not considered, because of modem information and communication 
methods, which first have to be implemented in a multimedia surrounding. 
New learning concepts must therefore be developed and everyone, who 
wants to teach with multimedia, must define his teaching completely new. 

In addition to the technical redefinition of the lessons in the multimedia 
environment, teaching contents beyond conventional methods must be 
considered and integrated. An integrated concept must therefore be 
developed, including all aspects from didactic via methods up to multimedia 
tools, and will represent the complexity of real conditions in the learning 
enterprises. 

On the one hand, the evolution of an integrated teaching concept requires 
particular demands on the employees. On the other hand, the integration of 
pedagogic and didactic elements is necessary. The term “integration” 
describes the integration of required features in the concept, and these 
features will be outlined briefly below. 

• Complex thinking as well as learning in cross-linked structures ( 

Systems Thinking) 

The fundamental discipline, on which all others are built on, is the 
networked thinking in sense of systems thinking. With systems thinking, the 
interaction and relationship of cause and effect and the adaptation of 
changing processes, are crucial. 

• Lifelong learning ( Personnel Mastery) 

The employees have to understand themselves as living subjects, which 
have to learn continuously to develop their personal vision. This creates an 
intellectual basis for their daily work and builds up a cumulative personnel 
mastery. 

• More conscious dealing with mental models ( Mental Models) 

The organisation has to make their mental models visible and has to 
reflect critically about them. Senge describes the mental models as ’’deeply 
ingrained assumptions, generalisations, or even pictures or images that 
influences how we understand the world and how we take action. Very often 
we are not consciously aware of our mental models or the effects they have 
on our behaviour.” (Senge, 1990) 

• Learning in teams ( Building Shared Vision, Team Learning) 
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The organisation is not based on individual learning, but on team learning 
and sharing of visions, and only if the vision is adapted by all employees the 
fundamental basis is set. Schools and universities are mostly focused on 
individual learning. 

• Self-scheduled learning and learning on-demand (just-in-time learning) 
To realise a lifelong learning, it is necessary to drill every single 

employee about the responsibility of knowledge adaptation, and also 
delegate the responsibility for the learning time to the individual. The 
learning becomes a just-in-time learning. 

• Integration of work and learning 

The integration of work and learning is based on the assumption that 
learning is triggered by the needs, which occur in daily working processes. 
The learning gets a new dimension and must be designed so that it fits into 
the actual problem solving process. The employee should have the chance to 
adapt to the problems, which occur at work and this results in a problem 
oriented learning approach. 

• Double-loop- and deutero-learning 

With double-loop learning, the values, standards and strategies are 
reviewed in the learning process as well as in all actions. With deutero- 
learning, the learning of the learning gives new aspects to the employees 
about what kind of learning (single or double-loop learning) might best fit in 
the specific occasion. 

• Professional methods, social, personnel and media competence as well as 
emotional intelligence 

To master the complexity in industrial environment, the basic 
competence patterns have to be developed. In the last years, the media 
competence has become more influent, due to the change from the industrial 
society to the information and knowledge society. Also the emotional 
intelligence seems to revolutionise the interaction in teams and may provide 
some increase in efficiency. 

A future holistic teaching concept has to consider all these changes in the 
learning environment, and they must be included in a completely new 
learning process. A teaching concept is presented below, in which most of 
the above mentioned features are integrated. 
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3. VIRTUAL TEACHING AT THE FBK 

The institute "Manufacturing Engineering and Production Management” 
(FBK) at the University of Kaiserslautern, has developed a concept for a 
holistic teaching concept to fulfil the demands mentioned above. The total 
concept, ViteFBK (Virtual Teaching at the FBK), consists of different 
components and learning phases, which include different multimedia based 
teaching and learning methods. ViteFBK is an open concept, which 
combines new demands and new technological possibilities. The following 
description is not only about realised parts, but also about planned 
components, and deals with the structure of ViteFBK and the used media. 



3.1 Structure of Virtual Teaching at the FBK 

The structure of ViteFBK is characterised by two phases. 





Fig. 1: Structure of ViteFBK 



Although you cannot define an exactly separation of these phases by 
time, due to they overlap in reality, we will use the notion to be able to 
explain the concept sufficiently. 

The main part of ViteFBK is the German course “Production Design” 
combined with a planning game. The focus of the first phase is the obtaining 
of technical knowledge and the second phase - the planning game - is based 
on this technical knowledge. This is not only important for the 
transformation of the technical knowledge to experienced knowledge, but 
also for the obtaining of important key qualifications. Figure 1 below shows 
the different phases and their components. 





168 



Harold Augustin and Christian M. Thurnes 



3.1.1 Phase I - Obtain specific knowledge 

The basic skills, methods and technical knowledge for the planning game 
will be obtained during this phase and the FBK offers a workshop named 
“Teamwork Technologies”, due to the great importance of teamwork. This 
workshop is included in the current teaching curriculum and its goal is the 
obtaining of conventional teamwork technologies. Students should visit this 
workshop, so that the basic methods of teamwork are well known and 
trained. Furthermore, FBK has planned to offer a revised version of the 
workshop for company employees. 

The course “Production Design - Interaction of work structuring and 
logistics design” is dedicated to the obtaining of the theoretical basics. The 
content of the course are the basics of work and motivation psychology, 
work structuring, work and production control, transport and warehouse 
systems, as well as logistic systems and supply chain management. Beside 
the theoretical knowledge, it is focused on the integration of field 
experience. Therefore, various examples of industrial projects are integrated, 
which have been realised by FBK or some companies, and to increase the 
practical relevance, the course is held by an ’’agent professor” from Robert 
Bosch GmbH. 

Beside the traditional course at the FBK, there is also an electronic 
course in German on CD-ROM available (you will find more details to this 
point at the description of used media). Furthermore, a short version of the 
course is held by the co-operation partner ENIM (Ecole Nationale 
d'Ingenieur de Metz), France, and is called “Option d 'Organisation de 
Production”. An electronic CD-ROM-course in English named “Production 
Design” is also under construction. 

3.1.2 Phase n - Planning game 

The planning game is the climax of the course “Production Design”. The 
participants have to perform a real data based factory planning for an 
assembly area and plan the logistics connection to the suppliers. The 
participants are divided into groups and given different planning data. The 
teams have to solve their individual planning task and they therefore need a 
high degree of self organisation as well as efficient teamwork. After an 84 
hours planning period, the teams have to present their solution of the 
problem. 

To create a realistic situation, the teams have a wide decision scope. By 
this, creativity is encouraged and the teams have to handle the problem and 
find solutions independently. Another significant part of the planning game 
is the specific distribution of wrong information and the secrecy of important 




Integrated Implementation of Virtual Teaching to Support ... 



169 



information (until the teams ask for this information). The game 
management has to play different roles during the planning game and the 
teams can e.g. get a turnover prediction by a fictitious marketing manager or 
ask for information about existing business agreements from a member of 
the union. The final presentation of the teams is also integrated in a role 
game. During this presentation, the team members have to explain their 
solutions to fictitious members of the company’s managing board, some 
department managers and a representative of the union. 

There are different variants of the planning game. The three main 
variants are the “German-French Co-operative Planning”, the 
“Multimedia Integrated Network Teaching (MINT)” and the “Industrial 
Case Study”. 

The planning teams within the “German-French Co-operative 
Planning” are mixed with students from the University of Kaiserslautern, 
Germany, and the ENIM (Ecole Nationale d'Ingenieur de Metz), France. For 
this piupose, there exists a student exchange program, which lasts four days. 
In both Kaiserslautern and Metz, the language for the final team presentation 
is German but during the planning period, the respective country languages 
and English are accepted communication possibilities to increase the 
language learning. In this variant of the planning game, the teams have to 
work in group rooms, which are fitted with moderation material. The 
intensive co-operation in these small rooms leads to an intercultural 
exchange besides the fixlfilment of the planning task. 

The “Multimedia Integrated Network Teaching (MINT)” is based on a 
multinational level. In this case, the participating universities of the planning 
game are connected via hitemet. There are eight people in each planning 
team, two from each participating imiversity. The planning task can only be 
solved by using modem information and communication technology and the 
intercultural exchange must also be done with electronic media. Another 
problem is the lack of time, due to the global distribution of the participating 
xmiversities. Beside the technical and interdisciplinary goals, the knowledge 
exchange in international teams and dealing with modem information and 
communication technology, are the main goals of MINT. 

The “Industrial Case Study”, which is still under constmction, is a 
special version of the planning game for the further training of company 
employees. It is essentially based on the MINT-variant, but a shortening of 
the content was necessary. Furthermore, it is focused on dealing with 
modem information and communication technology as well as the necessary 
adaptation of teamwork technologies. The methods for solving technical 
problems and the common use of teamwork techniques are assumed to be 
known by the industrial employees. 




170 



Harold Augustin and Christian M. Thurnes 



3.2 Used Media 

The realisation of the complete concept, ViteFBK, requires use of various 
media. To give an overview of this topic, we will describe both the actual 
used media and the plarmed use of media in the future. Figure 2 shows the 
predominant use of media in ViteFBK. 



TeigLearnlng (AQ F) | 

CSCW Taehnologies 
Computer Based Training {CBT} 

Virtual Reality [VR) 



] 

] 



IBT > Internet Based Training 



Fig. 2: Predominant use of media within ViteFBK 

3.2.1 TeleLearning with Electronic Course (AOF) 

TeleLeaming is not only a substitution, but could also be an addition to 
the course. The course participants can use TeleLeaming for the repetition or 
the preparation of tests. For this, there is a multimedia based slide- and 
audio-document available on CD-ROM (including the complete German 
course “Production Design”). In the near future, there will also be an English 
short version (with about 60% of the complete course). These CD-ROMs 
allow the students to use the learning material at home. 

The used recording and presentation program is the “Authoring on the 
fly - AOF” tool, developed by the institute “Algorithms and Data Stmctures” 
at the University of Freiburg, Germany. It enables a synchronous recording 
of the computer projections and all projection editing, including all graphical 
markings and progress indications, during the lecture. The advantages of this 
program, compared with common presentation programs, are on the one 
hand the small expenditure of preparation to get into it and on the other 
hand, the possible usage of AOF documents on different computer systems 
(Sun, SGI, Linux, Windows NT). 
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3.2.2 Guided self-learning with Computer Based IVaining (CBT) 

In the context of ViteFBK, a CBT-program (Computer Based Training) 
with the title “Methods of factory planning and tools for factory 
automation” will be developed. This program will combine the theoretical 
basics of the course with some field experience. The multimedia design 
enables the interactive access to field information (e.g. via animations or 
video sequences), self-learning effects will be intensified by learning 
controls in a game context and the learning motivation will be increased by 
infotainment aspects. 

To guarantee the practical relevance, some companies participate in the 
CBT design and this way we ensure to get practical information from the 
participating companies. It is also a possibility to evaluate the practical 
relevance, due to the companies, who will use the CBT for their own 
employee’s education. 

3.2.3 Co mmu nication and co-operation technologies 

The used media play an important role in the planning game variants 
“MINT” and “Industrial Case Study”. These variants use CSCW- 
technologies (CSCW = Computer Supported Co-operative Work), which 
help the team members solve the planning task. 

Communication can be done e.g. via Phone, Fax, Email, Chat, group 
specific established News-Groups as well as Audio- and Video- 
Conferencing-Systems. At the transition to communication and co-operation 
tools. Whiteboarding and an Application Sharing is also used. With the help 
of the new BSCW-tool (Basic Support for Co-operative Work), developed 
by the GMD in Darmstadt, Germany, there exists Shared Workspaces, 
which can be used as common electronic group rooms by the teams for data 
management and information warehousing. 

3.2.4 Virtual-Reality-Tools (VR) 

In the future, a virtual planning room will be developed, which 
represents the planning room itself. In the planning game, the participants 
have to handle with rather abstract or symbolic views of the planning object, 
and it makes therefore sense to use interactive multimedia technologies to 
create a better understanding. The visualisation of the planning environment 
is realised in a Virtual Reality (VR) environment. The technological quasi- 
standard VRML (Virtual Reality Modelling Language) enables three 
dimensional scenarios via Internet for the teams. The goal of the VR- 
interface is to integrate the user as an active part of a three dimensional 
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virtual environment to increase his efficiency and effectiveness in the 
problem solving process. 

The team members have the possibility to manipulate the planning 
objects in the planning room and to realise and discuss the changes 
immediately. For the realisation of this scenario, there will be symbolised 
characters or people in the virtual room, who can move independently and 
discuss with each other, e.g. by chat or Internet-based audio tools. This way 
the communication ability under abstract conditions and the new 
Information and Communication Technologies (ICT) are trained. 

3.2.5 Internet Based Training (IBT) 

The introduction of an Internet Based Training (IBT) serves different 
goals. On the one hand, the IBT is used for the administration of the course. 
Furthermore, you can use it for the distribution of information and course- 
material or inform about current links to relevant Internet pages. Also the 
administration of dates, the enrolment of students or further administrative 
purposes are potential uses. 

In the planning game variants “MINT” and “Industrial Case-Study”, the 
IBT is mainly used for the provision of distributed information of the 
planning task. 

The students have the possibility to use discussion rooms in the IBT, 
which are realised as newsgroups. In the future, these rooms should be 
realised via VR and they should give the possibility to discuss current 
questions with the teachers by using a video-conferencing system. This way 
the different aspects of information and commimication could be considered. 
There will also be a new communication system with the creation of virtual 
learning rooms, which enables and trains a self organised team-learning. 

Another goal for the future is the integration of knowledge databases in 
the IBT, where the students can perform a thematic search for specific 
information not only during the course, but also during the planning game. 



4. EXPERIENCES AND DERIVED MEASURES 

Within the ViteFBK, there have always been interviews with the 
participants, responsible teachers and administrators to collect immediate 
suggestions for the improvement of the coiuse. Some specific results of the 
interviews as well as some observation results are discussed below. 
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The complete concept of ViteFBK received in general high 
recommendations from both students and administrators. In general, the 
students like the planning game with the practical application of the 
technical knowledge and the training of key qualifications in a role game 
context. 

Within the planning game variant “German-French Co-operative 
Planning”, the intercultural exchange was evaluated as especially 
interesting. The recognition of the cultural differences was a central point 
during the problem solving process, and demanded unexpected high efforts 
with regard to the self organisation of the planning teams. The problems 
occurred mostly because of language problems and different levels of 
technical knowledge. To solve these problems, the FBK and the ENIM 
agreed to extend the French course “Organisation de Production” and to 
prepare the French students to the necessary German and English technical 
vocabulary. 

The experiences with the planning game variant “MINT” were also very 
positive in general. In this case, there was a high recommendation for the 
international orientation and especially for the use of information and 
communication technology in international teamwork. The noticed 
problems were on the one hand commimication problems, which were 
caused by continuously appearing technical problems. To improve this 
process in the future, an extensive technical preparation will be necessary for 
a better adaptation of the participant’s hard- and software knowledge. On the 
other hand, problems with the difference in knowledge and also 
organisational difficulties, occurred. To solve these problems, the English 
version of the course “Production Design” will be developed and a better 
organisational agreement between the participating universities is 
recommended. 

4.2 Experiences with used media 

The IBT was used in the “MINT” variant of the planning game. The 
students were pleased with the existing functions but made some completion 
and improvement suggestions. Because of the consciously chosen HTML 
realisation, there have not been any technical problems. 

The use of CSCW technologies was evaluated as especially interesting 
by the “MINT”-participants. The use of Email, News-groups, Chat and 
Whiteboards caused mostly no problems. There have however been some 
comprehension problems by using the shared workspace, but they could 
often be solved by an explanation. Only the audio- and video-conferencing 
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systems were affected by serious technical problems. As mentioned above, a 
better adaptation of the participant’s hard- and software knowledge will be 
necessary to solve these technical problems. 

During the summer term 1998, a group of six volunteers prepared the 
planning game only with TeleLearning (AOF). The results of this group 
(AOF-group) were equivalent with those groups, who visited the course 
during the term. The interviews with the AOF-group members showed a 
very positive evaluation of TeleLearning. They emphasised the free 
determination of learning-time and place, and they reported on a reduced 
total preparation time. All members of the AOF-group answered, that they 
would prefer the TeleLearning against participating in the course. But at the 
same time the participants of the course agreed that they would like to go the 
course and use the TeleLearning only for test preparation or to reflect 
specific issues. Both learning behaviours are supported by the different 
learning possibilities and it is therefore possible for the students to create 
their own optimal learning environment by using different learning elements. 



5. EVALUATION OF THE COMPLETE CONCEPT 

The evaluation of the described concept can be done in several ways. 
Beside an evaluation from the students point of view, a scientific-pedagogic 
evaluation is also of interest. 

The scientific-pedagogic evaluation is based on an evaluation guide, 
which was developed for virtual teaching concepts. The focus lays on the 
following features: 

•Features with general reference to teaching methods 
•Features with regard to the competencies to be provided 
•Features with regard to the learning form 
•Features with regard to the dealing with complexity 
•Features with regard to the learning process 

The evaluation of the ViteFBK includes the above mentioned features, 
which have to be used for a future holistic teaching concept (figure 3). The 
evaluation of the individual modules and the concept overall, illustrates that 
only integrated learning concepts make sense in multimedia learning 
environments for knowledge procurement and complexity mastering. 
Individual modules can indeed stand by themselves, but must be combined 
reasonably in accordance with the requirements of the entire learning goal. 
The guide for evaluation also gives some ideas for the necessity of 
integration. It makes clear that every teaching method can only cover a 
particular field. 
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Teaching and learning will vary much in the next years by the integration 
of multimedia. It seems, that there are enormous potentials for improvement 
in teaching result by usage of multimedia. The expenditure for the evolution 
of integrated teaching concepts must not be underestimated. In addition, it 
must also be natural that the implemented concepts need a continuous 
development. Otherwise the relation to real problems will be lost and the 
transfer of theoretical knowledge into practical problems disappears. 



Multimedia Integrated Network Teaching (MINT) 


Attributes with generai relevance to the learning method 


A1 : Learning Space 


Stationary 


Optional 


Mobil 


A2: Learning Time Flexibility 


Small 


Medium 


High 


A3: Multimedia Usage 


Small 


Medium 


High 


Very High 


A4: Learning Preparation 


Necessary 


Partly Necessary 


Not Necessary 


A5:lntercultural 


None ' 


Partly 


Very high 


Attributes with regard to the competence evolution 


B1; Learning Field 


Content- 

Business 


Methodical 
problem solving 


SociaL 

Communicative 


Affective 

Reflexive 


B2: Competence Learning 


Business 

Competence 


Method 

Competence 


Social 

Competence 


Personnel 

Competence 


B3: Media Competence 


None 


Medium 


High 


Very High 


B4:PfDblem Solving 

Dnmnptftnrtp 


No 


Yes 


B5: Handling Competence 


No 


Yes 


Attributes describing the learning form 


C1: Learning Form 


Foreign Controlled 


Self Controlled 


Disco veil ng 


C2: Social Learning Form 


Individual 


Co-operative 


C3: Group Learning Situation 


None 


Central 


Distributed 


Attributes with regard to complexity mastering 


D1 : Information Complexity 


Small 


Medium 


High 


D2: Behaviour Complexity 


Small 


Medium 


High 


D3:Communication 


Small 


Medium 


High 


D4: Technology Complexity 


Small 


Medium 


High 


Attributes with regard to the learning process 


El: Learning Category 


Single-loop- 

learning 


Double-toop- 

leaming 


Deutero4eamUig 


1 E2: Closed Learning process 


Partly 


Completely 



Fig. 3: Evaluation model used for ViteFBK (example of the MINT module) 
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6. CONCLUSION 

The practical experience and the scientific evaluation of the concept 
ViteFBK, show the relevance of future holistic teaching concepts. It is clear 
that these concepts have to be developed in interdisciplinary teams, due to 
the wide aspects of implemented teaching methods and the use of high tech 
multimedia tools. The integration of industrial aspects seems to be a key 
issue and the acceptance of the students shows that the efforts are honoured. 
To prepare the students for the expectations of the next millennium, which 
are impressed by knowledge, complexity management and learning 
enterprises, there is only one way for the future education. We have to 
redesign the curriculum at the universities in the sense of holistic teaching 
concepts to meet the demands of the future. 
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Abstract: In order to cope with the challenges of current markets, enterprises need to be 

technically as well as socially capable of development. The necessary ability 
of innovation for structural and process adaptation can be achieved through the 
key competence of learning capability (Reinhardt/Pawlowsky, 1998). 
Instruments for the practical support of learning processes in enterprises are 
becoming increasingly important in this context. 

Simulation games can prove to increase the learning capability of groups and 
teams of employees, and to stimulate organisational learning processes 
(Heidack, 1995). The aim of this paper is to present a three-level-model of 
learning processes within a simulation game. The model is based on 
"feedback" structures, which are also used in the field of entrepreneurial 
cybernetics for the control of enterprise processes. According to Argyris & 
Schdn (1978), these feedback structures consist of the following three 
processes: result-oriented learning (Single-Loop Learning), experience- 
oriented learning (Double-Loop Learning) and process-oriented learning 
(Deutero Learning). 

The practical application of the model will be explained using the board game 
“Q-Key - Quality Management”. It supports enterprises in the implementation 
of TQM-models by promoting quality-awareness and motivation among 
employees. The game offers the possibility of simultaneously promoting 
social, methodical and knowledge competencies among employees (Heidack, 
1995). The board game “Q-Key” can convey abstract Quality Management 
concepts in a clear and “living” way, which leads to these concepts being 
successfully transferred into day-to-day life within enterprises. 
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1. INTRODUCTION 

fc order to cope with the challenges of current markets, enterprises need 
to be technically as well as socially capable of development. The necessary 
innovative ability for structural and process adaptation can be achieved 
through the key competence of learning capability (Reinhardt/Pawlowsky, 
1998). Instruments for the practical support of learning processes in 
enterprises are becoming increasingly important in this context. 

Simulation games can prove to increase the learning capability of groups 
and teams of employees, and to stimulate organizational learning processes 
(Heidack, 1995). The aim of this paper is to present a three-level-model of 
learning processes within a simulation game. The model is based on 
“feedback” structures, which are also used in the field of entrepreneurial 
cybernetics for the control of enterprise processes. According to Argyris & 
Schon (1978), these feedback structures consist of the following three 
processes: Single-Loop Learning, Double-Loop Learning and process- 
oriented learning (or Deutero Learning). 

The practical application of the model will be explained using the board 
game “Q-Key - Quality Management”. The board game “Q-Key” supports 
enterprises in the implementation of TQM-models by promoting quality- 
awareness and motivation among employees. The form of the board game 
offers the possibility of simultaneously promoting social, methodical and 
knowledge competencies among employees (Heidack, 1995). The board 
game “Q-Key” can convey abstract Quality Management concepts (from 
DIN ISO 9000 to TQM) in a clear and “living” way, which leads to these 
concepts being successfully transferred into day-to-day life within 
enterprises. The main advantage of Q-Key is that it supports the learning 
abilities of groups and teams, preparing them for the participative 
development of their specific QM-System. 



2. LEARNING LEVELS IN THE SIMULATION 
GAME 

In order to become “Learning Enterprises”, companies and large 
enterprises in Germany are introducing enterprise simulation games in order 
to train and further educate their employees. In the foreground are learning 
concepts which give the employees increasingly important abilities (IfU, 
1998). These include dealings with interlocking, multi-level decision 
processes, as well as co-operative work in sector-comprehensive and 
hierarchy-comprehensive work groups. 
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The essential advantage of the simulation game method lies in the close 
linking together of actions (or rather decisions, whether it be alone or in 
teams) and learning. In contrast to the passive conveying of knowledge, the 
player has the opportunity to immediately use this acquired knowledge and, 
moreover, to receive feedback. The simulation game offers the participants a 
creative “playing field” which is beneficial to learning, in which they can 
gather experiences in dealing with problem or crisis situations. 

Simulation games can vary in form and content, thus offering different 
learning contents. One of the most important features used to differentiate 
between these games are the various ways of processing and evaluating the 
decisions made by participants, that is, the model of the game. Here, a 
division into three varieties of simulation games can be made (Harrramach, 
1992): 

• Board games: Simulation games, which have the model of a board in 
the broader sense, for example a board, but also a blackboard, or a 
games table. 

• Computer-based simulation games: Simulation games, which have the 
model of a computer simulation. 

• Hand games: Simulation games, where the model is the person; 
although various other aids are used, the person and their behavior are 
the decisive elements of the game. 

As computer-based simulation games are widely spread, the applicability 
of hand and board games within enterprises is often underestimated. These 
two varieties of simulation games can be of great benefit to employees in 
quite a practicaljy-oriented way. Computer-based simulation games often 
lead to the problem that with most processes taking place in the background, 
the participants are often unable to detect or understand interdependencies 
and consequences (the so-called “black-box-syndrome”; Foerster 1993). By 
including optical and motoric elements into the learning process, which is 
often the case in board games and role-plays, the components of the game 
can be disclosed more comprehensibly than by mere “invisible” concepts 
and definitions. 

The basic structure of the simulation game consists of the components of 
the action and reaction branches, and the flow of information between these 
branches (shown in Fig. 1). 

The action branch of a simulation game is represented by the participants, 
who make their decisions based on the information available, and within the 
rules of the game. In addition, the game coordinator has the opportunity of 
giving the game participants orientation information, which is essential for 
the further course of the game. The decisions of the players trigger off 
reactions within the model of the simulation game. These decisions are 




182 



Sven Haferkamp, Sian Thomas, Klaus Henning 



transformed into corresponding results and effects, which in turn have 
repercussions on the participants. This transformation process can be 
implemented through the rules of a board game or role-play, or through a 
logical model in the case of a computer-aided simulation game. The transfer 
must ensxrre that experiences are used within a real system, in order to 
provide a reference to reality for the einployees. 




Figure 1. The structure of the board simulation game “Q-Key - Quality 

Management” 

A three-level-model of the learning process in a simulation game can be 
built upon this basic structure (shown in Fig. 2; IfU 1998). 

Under result-oriented learning, actions will be chosen which are in 
accord with the hypotheses about the game model, and, when needed, these 
will also be adapted. The learning process of experience-oriented learning, 
on the other hand, takes place when the experiences made during result- 
oriented learning lead to a change in the hypothesis of the game model. A 
result of such a fundamental change can be that the informational content 
represented in the game also gains a new structure (Probst/Biichel, 1994). An 
example would be the transition from a competitive to a co-operative 
situation, as is this case in many enterprise simulation games. 
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Figure 2. A three-level-model of the learning process in a simulation game 

Transfer-oriented learning is a continuous process, during which the 
participants of the game make use of their experiences gained from the game 
model. It is only when real process learning takes place - when learning 
itself becomes the object of transfer - that real learning processes in the 
organization succeed. These are not confined to the simulation game, but 
rather they can be applied to the day-to-day problem situations within 
enterprises. 

Another task of the game coordinator exists in the controlling of the 
course of the game along the three learning levels. In the transition from 
result-oriented to experience-oriented learning, the players should 
experience the so-called “Aha-experiences”. Through this they learn how 
their action and decisions depend upon unconscious behavior and thought 
patterns. These hinder the players in their adaptation to changing situations, 
especially when they are no longer questioned. The assessment of transfer- 
oriented learning is most difficult and this process depends substantially on 
the competence and experience of the game coordinator (Reinhardt/ 
Pawlowsky, 1998). 
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3. AN EXAMPLE: Q-KEY - QUALITY 
MANAGEMENT 

The following shows a concrete example of how the three-level -model of 
the learning process can be used in a simulation game: the board game “Q- 
Key - Quality Management” (shown in Fig. 3). 




Figure 3. The board simulation game “Q-Key - Quality Management” 

An example of the use of Q-Key within an enterprise was explored at a 
toy car manufacturing firm. This manufacturer had begun to introduce a QM 
system according to ISO 9001. This introductory phase would be completed 
with a successful certification audit. 

The board game “Q-Key” supports enterprises in the introduction of 
quality-oriented measures by the promotion of quality-awareness and 
motivation among employees. The form of the board game offers the 
possibility of simultaneously promoting social, methodical and knowledge 
competencies among employees (Heidack, 1995). It can convey abstract QM 
concepts (from DIN ISO 9000 to TQM) in a clear and “living” way, and 
through this can be transferred successfully. Figure 4 shows the relationship 
between quality, time and costs (i. e. the so-called “magic triangle”). 

The target groups of Q-Key are participants in QM introduction teams, as 
well as employees in enterprises in general, who are to implement far- 
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reaching QM measures. In both cases, a departmental-comprehensive cross- 
section of the enterprise should be guaranteed. The modular construction of 
the simulation game facilitates its use in a production-oriented, as well as a 
service-oriented enterprise. 




Figure 4. The relationship of quality, costs and time within the simulation 

game “Q-Key” 

Each of the five groups (which each consist of 2 or more persons) is 
assigned the task to manage one department of a fictitious company. 
Through the constellation of the departmental mix, employees should, on the 
one hand, gather experiences through an exchange of roles (from reality to 
the game), and, on the other hand, they should learn the problems of other 
departments in the simulation game. 

Products, represented by chips, are to be circulated through each 
department as quickly as possible, whilst preserving a high level of quality 
and a minimal level of costs. The passage of the products is determined by 
both the throwing the die and the decisions made by other participants. The 
products may hit certain squares which stand for external events, taken from 
the everyday routine of SMEs. In these cases, participants have to react to 
them by making decisions. 
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These event squares are separated into departmental-specific and 
enterprise-specific events. For both spheres, the events are taken out of the 
everyday life of SMEs. In this way, the connections in the emergence of 
quality are shown to the participants of the simulation game. The enterprise- 
specific events serve to show the repercussions within the enterprise as a 
whole, as well as to promote team-working. 

The participants can protect their departments against the various effects 
of these external events by carrying out suitable QM measures. By doing so, 
participants can get hold of trump-cards, the so-called “Qixality-Jokers”, 
which enable them to protect their department from various external events. 
An example would be having to leave the game due to a considerable 
decrease in quality, which might affect the department in question or the 
enterprise as a whole in a negative way. 

Figure 5 shows the development of “Q-Key” within an enterprise. In the 
case of the toy car manufacturer, the implementation of Q-Key began with 
an initial discussion with the management. The previous distribution of the 
simulation game instructions to the participants proved to be advantageous. 
The description and explanation of the simulation game by the game 
organizers could therefore be kept relatively short. 




Figure 5. Development of the simulation game “Q-Key - Quality 
Management” within an enterprise 
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The game organizers consisted of two moderators, who were decisive 
participants in the development of the simulation game. It proved to be 
sensible when sharing the tasks: one moderator was in charge of the “bank” 
and documented the course of capital in the different departments, while the 
other moderator coordinated the allocation of jokers. Both used their 
respective opportunities to intervene in the events of the simulation game. 

Then follows the first phase of play. The players find themselves in a 
situation of competition; each group attempts to bring results to their 
department, which has repercussions on the others. In this example, the 
“procurement” department was an exception: these participants had the 
highest capital stock in this phase of play. They had tried, through the 
relinquishment of QM-measures, and through moving as swiftly as possible 
through the department, to gain as much capital as possible. They succeeded 
to do this in the first phase. 

During the break, there is usually an assumption of a new hypothesis 
about the game model. Triggered by mutual reflections about the course of 
the game and the explanation of the coordinator, a situation of co-operation 
is favored to a situation of competition. 

In the example, the marketing/service, development/construction and 
production departments showed typical courses of capital within the 
simulation game (shown in Fig. 6). Here the achievement of results from 
introduced QM measures (especially in the second phase of play) can be 
seen after the clear fall in capital dining the first phase of play. The 
departments were better protected from events through their jokers, and 
could achieve higher income through high quality products. 

The simulation game is concepted so that the participants’ increased 
willingness to co-operate leads to a better result for the enterprise, fri the last 
phase, the own learning is the most important factor. The participants 
discuss, under instructions, what learning processes have taken place and 
how these can be transferred to their own enterprise situation. 

fri the example, the “distribution” department only introduced very few 
measures during the course of the whole simulation game and appeared 
unable to decide for any strategy. Consequently, the course of capital had a 
slightly negative tendency. The “procurement” department were in the lead 
after the first phase of play, as they had completely abandoned any QM 
measures. It was their aim to bring their products as quickly as possible to 
the target square. This strategy led to the highest stock of capital only until 
the break, due to the formation of the simulation game. After the break, the 
QM measures become increasingly important for the departments to gain 
capital, and finally led to success. 

The task of the participating groups is to lead the products, which are 
symbolized by the corresponding game figures, through the different 
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departments, which are under the charge of the employees. The “magic 
triangle” of quality, time and costs should be taken into consideration by the 
players. This means that within the simulation game, the participants must 
attempt to lead their products through their departments whilst maintaining a 
high level of quality (QM measures should be introduced), but within a 
reasonable space of time (the game figures should be moved through the 
departments in the quickest possible time) and with minimal costs (the level 
of capital should increase). The passage of the products through the 
departments is determined by both the throwing of the die and the decisions 
made by the other participants. 




Figure 6. The course of capital in each department within the simulation 
game “Q-Key” 
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Figure 7 portrays some individual characteristics of the three learning 
levels in Q-Key. 




Figure 7: The three learning levels within the board simulation game “Q- 

Key” 

Result-oriented learning is determined through the central task of the 
optimization of quality, time and costs. Experience-oriented learning takes 
place in the questioning of whether the correct hypothesis about the game 
model (competition vs. co-operation) has been implemented. The third level 
- transfer-oriented learning - exists in the reflection and transfer of the 
learning process. 

The optimization of the magic triangle of quality, costs and time requires 
the solution of complex decision processes by the participants. On the basis 
of their hypothesis of the game, every game decision (Which product do I 
move forward with the throwing of the die? Should I introduce any 
measures? Which square should I move to?) must be considered and 
correspondingly evaluated. Through this, the decision and action behavior of 
participants is trained, and result-oriented learning is supported. 

The players will recognize after a couple of rounds that in order to 
protect against department-comprehensive events, an agreement with other 
departments is necessary. Through this recognition, the hypothesis about the 
game model will adapt during the game. The game is laid out, so that the 
participants have the opportunity of introducing interaction games (guessing 
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of terms from the QM sphere) with other departments. Through the new 
hypothesis about the game model, participants introduce more interaction 
games despite increasing costs and time. In the midst of this, willingness to 
co-operate and commimicate is encouraged. 

Transfer-oriented learning occurs during the whole course of the game. 
This is achieved by real measures, daily operational events and 
consequences determining the contents of the game, whereby the immediate 
reference to practice is made at all times. It is the task of the game 
coordinator at the end of the game to pick up on this knowledge and to 
integrate it into the discussion about the course of the game. The transfer is 
only sustained when the learning process itself is the object of discussion 
(What was learnt? How was it learnt? What were the “Aha” effects of the 
game? etc.). 

For the support of transfer-oriented learning, breaks in the course of the 
game are intended, for example in the form of small of pauses for discussion, 
to be implemented by the game coordinator. The breaks should give the 
participants an opportunity to take a “helicopter perspective” look at their 
learning processes. Just the reflection about learning contents and behavior 
facilitates the back-up transfer to real learning processes in enterprises. 

Finally, it can be said, that all the elements of the three-level-model can 
be discovered in “Q-Key”. In the process, the conscious construction of the 
three levels supports the sustainability of the learning success way beyond 
the course of the simulation game. 

In the example at the toy car manufacturer, the simulation game was 
introduced at a relatively late stage. The enterprise already had the ISO 9001 
certificate and the employees were correspondingly educated in the 
simulation game branches. Despite the existing high level of training and 
motivation of the employees, the simulation game could lead to further 
improvements. In particular, the mutually-reached understanding of TQM - 
and the conflict of aims which is presents - best prepared the participants for 
the change process within the enterprise. 

3. Conclusion 

In view of the fact that the survival ability of enterprises depends 
substantially on their iimovativeness, the learning capability of an enterprise 
is a key factor. The high speed of change in the enterprise environment, and 
the impossibility to forecast which is linked to it, can only be covmteracted 
by continual improvement and learning processes. In order to be able to react 
flexibly to the continually changing problems, employees must “learn to 
learn” (Probst/Gomez, 1989). 
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Simulation games train the learning behavior of participants, in which 
they permanently revise decision processes and are continually presented by 
new decision problems. Above all, board and hand-oriented simulation 
games can, under the consideration of the complexity of current enterprise 
processes, be used to make learning processes easier through action-oriented 
learning and learning from one’s own mistakes. 

The three-level model which was presented shows that the teaching 
method of the simulation game encapsulates all three types of learning 
within an enterprise (SLL, DLL and Deutero learning). The simulation game 
is suitable for the systematic improvement of learning capability of 
individual employees, groups and teams, as well as organizations. The 
learning processes can more or less be reflectively supported by the game 
coordinator. Only when it succeeds to create a real learning field out of the 
playing field of the simulation game, which eventually also seizes the real 
working field, can the simulation game be a real instrument for the “learning 
enterprise” of the future. 
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Abstract: Trends in industrial enterprises point to a more dynamic and complex world in 

which to operate with speed, agility and productivity as key requirements. This 
will call for increased focus on collaborative skills in handling daily operations 
as well as carrying out major organisational changes effectively. These indus- 
trial needs imply challenges for industrial enterprises to develop new collabo- 
rative competencies. But also the teaching of engineering and business stu- 
dents should be changed. The development and use of simulation games for 
training and social experimentation represents one of several means. However, 
new types of games and new application areas need to be developed. In light 
of these challenges the paper discusses selected key issues for the design and 
running of games. 



1. INTRODUCTION 

Games of various kind have successfully been applied in teaching and in 
industry, in particular to achieve a deeper understanding of the dynamic 
processes cutting across functions and departments. However, conditions 
change in industry, and new means become available. As a result, new chal- 
lenges exist for developing new types of games and for extending areas of 
application into new fields. 
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This chapter has been inspired by a discussion in groups and in a plenary 
session at the end of the 1998 workshop in Ghent. First, trends in needs and 
means will be discussed pointing to new challenges for the development and 
use of games. This leads, in the next section, to a discussion of issues for the 
design and running of games. Instead of seeking to provide a comprehensive 
list of trends and means, we have chosen to elaborate on a few issues as rep- 
resentatives of new directions. 



2. TRENDS IN NEEDS AND MEANS 



2.1 Industrial trends 



2.1.1 Competence development 

Recent trends in knowledge management and competence development 
point to a need to focus more attention on collective competencies, instead of 
only looking at individual knowledge and competencies. The capability of an 
industrial enterprise to deliver a variety of products on time to customers 
stems from a complicated interplay of individuals and departments. 
Although guided by various management systems, many of the actual activi- 
ties and decision-making processes have an informal nature. Furthermore, 
very few are able to describe what actually is going on, e.g. when a customer 
order is handled through engineering design, planning, purchasing, produc- 
tion, assembly and distribution. Thus, key competencies for the competitive- 
ness of a company are informal, owned collectively and not explicitly known 
(i.e. tacit). This makes it difficult for a company to develop this competence 
by using traditional courses. 

If an analogy is made to the competence of a football team, we may 
identify different types of competencies. First, each player should be able to 
receive and deliver the ball, and to run very fast for shorter periods of time 
during the whole match. Second, the team should be able to handle rather 
well defined situations, such as a comer and a free kick. Thirdly, what really 
makes the team win is its capability to spontaneously make use of a specific 
situation, to establish an attack with many unexpected elements for the other 
team, etc. It seems apparent that different means should be used for devel- 
oping competencies of the three types. 

As to the last two types, collective practice and collective reflection are 
important means, e.g. by using video for recording the mutual interplay to 
stimulate reflection. The notion of agility has become popular in industrial 
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enterprises. A football team also needs to be agile, e.g. to adjust the tactics if 
one of its players becomes hurt, if the other team adopts a new tactics, or if 
the team is leading the match. Such changes will have to take place sponta- 
neously and need to be immediately understood by all players. 

It is our impression that few companies are explicit in their development 
of collective competencies. But as the competitive situation becomes more 
dynamic and the product and supply structure more complex, we shall 
expect that companies increasingly will become aware of the need to devel- 
op and apply effective means for developing informal collective knowledge 
and competence. At present only few means are available, one being the use 
of simulation games. 

Many companies are increasingly addressing extended enterprise issues, 
e.g. in supply chain management and cross-functional co-operation in new 
product development. These trends only add to the relevance of developing 
means for effective collective competence building outlined above. 

2.1.2 Speed and precision in organisational changes 

The dynamic market situation in recent years has pointed to a need for 
industrial organisations to change with speed and precision, e.g. to design 
and implement a new production management system, new production 
pro??cesses, or a new organisational structure. A widely held opinion in 
industry expects that the time to implement a drastic change is between three 
to five years, regardless that it may have been planned to last only two years. 
In order to be successful several issues have to be addressed, such as 
creation of a common understanding of the need to change, development of a 
shared vision of future operations, and establishment of a broad 
comprehension of the complex co-operation implied in the new solution. We 
believe that games may play an important role in securing industrial 
enterprises the capability to successfully and speedy implement 
organisational changes. 

2.2 Teaching 

2.2.1 Stressing new qualifications 

The initiation in the 90 ’s of a large National Science Foundation program 
on Engineering Education Coalition has been an attempt to change the tradi- 
tional engineering education in the USA (Coleman 1996). It seeks to change 
the focus in many engineering schools to stress 

• Real-world design 
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• Interdisciplinary education 

• Teamwork skills 

• Integration of materials 

Similar initiatives have been seen in Europe seeking to augment the tra- 
ditional qualifications of engineering graduates. Using a metaphor, it is no 
longer sufficient to be a qualified spectator to a football match being able to 
interpret the tactics of the two teams, to explain the individual players’ 
behaviour and to relate the given match to other matches. A graduate should 
also be able to play football. 

In the language of Kolb’s learning cycle (Kolb 1984), an engineering 
graduate should be able to combine all four steps (Abstract conceptualisation 
i.e. Generalisation; Active experimentation i.e. Testing; Concrete experi- 
ence; Reflection based on observations). Experience in problem solving and 
implementation of interdisciplinary issues may, among other things, include 

• analysis of a complex problem, 

• definition of a project with objectives and scope, 

• bringing different specialists’ contribution into a holistic solution, 

• working together in a group and 

• dealing with stakeholders and conflicts of interest 

Such qualifications are often neglected. However, many engineering 
schools have introduced problem oriented teaching methods, such as indus- 
trial projects, case studies and simulation games. We are convinced that the 
quest from industry for more engineering graduates who have been trained in 
holistic problem solving will continue in the future posing important chal- 
lenges for engineering education. 

2.2.2 New means 

New means are likely to change the nature of the teaching of engineering 
and business students. With respect to subjects that are dominated by factual 
knowledge new means, such as internet, multi-media, etc. offer stimulating 
opportunities for self-studying and group mode computer supported learning 
processes. These new simulation based, computer assisted learning methods 
have almost unlimited possibilities. They can be built into normal courses as 
assignments, integrated into modules in case based teaching, as well as used 
in a ‘stand-alone’ mode for experimental learning. And they can be used in 
university teaching as well as in company training. 

The hypertext mode of organising knowledge and experiences allows for 
easy switch between theory, practical examples, methods, etc. This suggests 
a new problem oriented mode of self-studying that holds potential for 
appealing to many students. From a predominantly teacher dominated 
learning process with lectures on theories given at times when the teacher 
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finds it relevant, the hyptertext structure allows students to study theory 
when they have a question and to look at several practical examples illus- 
trating how theory may be used when they seek solutions to a specific prob- 
lem. 

There is a marked need for a different driver of the learning process than 
the teacher’s lectures and planned exercises. Case studies have been used to 
serve as such a driver, as have also student projects. The use of games and 
social simulation also serve as a vehicle for this type of learning. This will 
however require that the game be more strongly integrated with the learning 
processes, to include dealing with theoretical questions that stimulate 
discussion and interpretation. Also the players’ analyses and proposed 
solutions may be fed into the memory of the game and offered to players in 
the following runs of the game, (cf. Riis et al. 1998). 

As a first attempt to offer information about different games, a catalogue 
of games has been established on the internet http://iprod.auc.dk/x- 
proj/gamespm/www-games.html 



3. ISSUES IN DESIGN AND OPERATION OF 
GAMES 

We have selected two major issues implicitly suggested in the preceding 
section; one dealing with post game behaviour in an effort to maximise the 
benefit fi"om the game; and one pointing to a new application area for games, 
namely for extracting knowledge and experiences from ill-defined tasks. 



3.1 Post game behaviour 

In the past, for good reasons much focus has been placed on the game 
itself, including its design, test and operation. However, several issues will 
be increasingly important in the future related to post game behaviour. 



3.1.1 Transferability 

Often the setting of the game is different from that of the company; or in 
the case of teaching student the setting is not directly related to a specific 
method or theory. The transfer of observations, impressions and experiences 
from playing the game is an issue that will be as important as it has always 
been. 
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3.1.2 Making use of the experience of facilitators 

Experience indicates that the facilitator plays a key role in the successful 
application of games. As games become a more integral part of teaching and 
organisational changes processes, as pointed out in the preceding section, the 
role of the facilitator will include more behavioural elements in addition to 
knowledge of the subject matter, e.g. production planning. 

The facilitator’s experience gathered through several games represents 
valuable knowledge for new facilitators. It is a challenge to ask the facilitator 
to extract the experiences gained and convey them to others. For instance, 
the instructor’s manual may be continuously updated to include “good 
advices” and potential roadblocks to pay attention to. There is a need for a 
more systematic reflection on facilitators’ often tacit experiences. To the 
extent possible, the tacit knowledge of facilitators should be externalized and 
incorporated into the contents of the game itself 

3.1.3 Games as an integral part of the learning process 

As pointed out in the preceding section, using games in hypertext modes 
of teaching requires a re-thinking of the way in which games are carried out. 
From a more or less stand-alone educational activity, the game processes 
will be combined with exercises and reading of relevant literature. 

3.1.4 Organizational change processes take time 

When games are used for training specified skills, it may be relatively 
easy to measure the effect of the game. But increasingly games of various 
kinds are employed in the early phases of an organisational change process 
to create a commonly shared perception of the current mode of operation and 
a need to change (cf Smeds and Haho 1995, Haho and Smeds 1997). As a 
consequence, the effect of the game may be a change in attitude and a better 
understanding of the mutual interaction of activities in the departments 
involved, hi such cases it is difficult to distinguish the effect of the game 
from parallel and serial activities. 

If however it is decided to measure the effect of a game, the changes in 
attitude and willingness to change are as important to measure as the actual 
increased knowledge and changed behaviour. Also the change management 
itself can be measured, and the effects of the simulation game on the success 
of the change project can be assessed. 
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As pointed out in a preceding section, industrial enterprises need to 
address how to identify and strengthen tacit knowledge and competencies 
held by a group of individuals around performing a complex task, e.g. hand- 
ling customer orders. Provoked by the focused discussion in the late 80’s of 
designing expert systems by means of a knowledge engineer who would 
attempt to codify the experience of experts, we have suggested a different 
approach (Merit & Riis 1988). Experts should be invited to play a game that 
would address situations similar to their own. This would allow their experi- 
ence to be made explicit in a holistic setting in which different objectives are 
at play and different perspectives are employed. Different opinions and 
experiences may not be in conflict, because they relate to different objectives 
and perspectives. 

During a game, attention would be drawn to essential issues and experi- 
ences. Furthermore, a game will offer an opportunity for mutual learning by 
which experts are asked to reflect on their experience and compare it with 
others. The use of a game represents a laboratory setting with some control- 
lable variables. This will permit the use of the game with another group of 
experts to test the robustness of opinions, practice, and explicit knowledge of 
phenomena. 

In view of it complex nature we need to adopt an experimental approach 
in seeking new ways of making tacit, collective knowledge and experience 
more explicit. Games hold potential for contributing to this endeavour, even 
in view of the difficulties and limitations of using games for this purpose. It 
will represent a new way of using games. 



4. CONCLUSION 

In view of the more dynamic and complex world in which industrial 
enterprises will operate with speed, agility and productivity as key require- 
ments, we have identified new challenges. It was argued that key competen- 
cies for the competitiveness of a company in nature are informal, owned 
collectively and not explicitly known. Thus, there is a need for developing 
means for strengthening collaborative competencies. Also the speed and pre- 
cision with which organisational changes are executed need to be increased. 
In particular it was pointed out that we need better means for creating a 
commonly shared perception of the need to change and a shared vision of 
future operations. 

With respect to teaching engineering and business students an shift of 
focus was identified to also include problem solving skills. Using a meta- 
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phor, it is no longer sufficient to become a qualified spectator of a football 
match; a graduate should also be able to play football. 

New means may change the role of games in teaching. It was argued that 
the application of hyptertext mode of organising knowledge and experiences 
would call for a driver of the learning process. The proven success of games 
led to suggest games as one of such drivers. 

New ways of using games point to increased emphasis on post game 
behaviour, e.g. to let a game be a more integral part of learning and organ- 
isational processes. Finally, it was argued that games may be instrumental in 
making informal, collective knowledge and experience more explicit. 
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